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CONVERSION  FACTORS,  U.S.  CUSTOMARY  TO  METRIC  (SI)  UNITS  OF  MEASUREMENT 


U.S.  customary  units  of  measurement  used  in  this  report  can  be  converted  to 
metric  (SI)  units  as  follows: 


Multiply 

by 

To  obtain 

Inches 

25.4 

millimeters 

2.54 

centimeters 

square  inches 

6.452 

square  centimeters 

cubic  inches 

16.39 

cubic  centimeters 

feet 

30.48 

centimeters 

0.3048 

meters 

square  feet 

0.0929 

square  meters 

cubic  feet 

0.0283 

cubic  meters 

yards 

0.9144 

meters 

square  yards 

0.836 

square  meters 

cubic  yards 

0.7646 

cubic  meters 

miles 

1.6093 

kilometers 

square  miles 

259.0 

hectares 

knots 

1.852 

kilometers  per  hour 

acres 

0.4047 

hectares 

foot-pounds 

1.3558 

newton  meters 

millibars 

1.0197  x  10~3 

kilograms  per  square  centimeter 

ounces 

28.35 

grams 

pounds 

453.6 

grams 

0.4536 

kilograms 

ton,  long 

1.0160 

metric  tons 

ton,  short 

0.9072 

metric  tons 

degrees  (angle) 

0.01745 

radians 

Fahrenheit  degrees 

5/9 

Celsius  degrees  or  Kelvins1 

*To  obtain  Celsius 

(C) 

temperature  readings 

from  Fahrenheit  (F)  readings. 

use  formula:  C  ■  (5/9) 

(F  -32). 

To  obtain  Kelvin 

(K) 

readings,  use  formula: 

K  -  (5/9)  (F  -32)  +  273.15. 

LONG-TERM  EFFECTS  OF  BEACH  NOURISHMENT  ON  THE  BENTHIC  FAUNA 


OF  PANAMA  CITY  BEACH,  FLORIDA 
bg 

J.K.  Cultar  and  S.  Hahadevan 
I.  INTRODUCTION 


1.  Background  Information. 

Coastal  erosion  is  a  major  problem  on  many  U.S.  coastlines  including 
the  we  it  coast  of  Florida.  The  westernmost  beaches  of  Bay  County  on  the 
Florida  panhandle  are  considered  critical  areas  of  erosion  (U.S.  Army 
Engineer  Division,  South  Atlantic,  1971;  Bruno,  1971).  Before  the  initia¬ 
tion  of  a  nourishment  program  in  1976,  the  shoreline  west  of  the  entrance 
to  St.  Andrew  Bay  suffered  considerable  erosion  for  a  number  of  years, 
causing  many  coastal  structures  to  become  vulnerable  to  storm  damage. 

On  23  September  1975  Hurricane  Eloise  caused  additional  erosion  and  de¬ 
stroyed  or  undermined  the  foundations  of  numerous  coastal  structures 
(Saloman,  1976).  Extensive  areas  of  the  Panama  City  and  neighboring 
beaches  were  renourished  in  1976  by  hydraulically  dredging  offshore  sands 
to  replace  the  eroded  beaches;  however,  observations  made  during  this 
study  inidicate  that  the  bulk  of  the  material  deposited  during  the  nourish¬ 
ment  program  has  since  eroded  to  prenourishment  levels. 

This  study,  which  CERC  contracted  to  the  Mote  Marine  Laboratory, 
evaluates  the  long-term  nourishment  effects  on  the  benthic  fauna  and 
surface  sediments  of  the  nearshore  zone  off  Panama  City  Beach,  Florida. 

The  results  of  the  study  (1979-80)  are  compared  to  those  obtained  in  the 
prenourishment  study  (1974-75)  and  in  the  study  of  short-term  effects 
(1976-77)  of  the  same  beach  (Saloman,  1976;  Saloman,  Naughton,  and  Taylor, 
in  preparation,  1982)  . 

Saloman 's  prenourishment  study  (1974-75)  describes  the  area  as  having 
a  diverse  benthic  macroinfauna  with  the  number  of  species  and  faunal  den¬ 
sities  fluctuating  seasonally.  Species  of  polychaetes  and  amphipods  domi¬ 
nated  the  fauna.  The  distribution  of  species  was  generally  uniform  along 
the  beach  with  the  number  of  species  increasing  offshore.  There  was  no 
correlation  of  animal  abundance  to  selected  sedimentological  parameters, 
which  showed  little  spatial  variation. 

The  short-term  study  of  nourishment  effects  (Saloman,  Naughton,  and 
Taylor,  in  preparation,  1982)  concluded  that  *n  initial  destruction  of 
the  bottom  community  at  the  borrow  pits  was  followed  by  rapid  recovery 
virtually  complete  after  1  year.  Minor  differences  in  sediment  para¬ 
meters  could  be  detected  at  the  borrow  pits  after  1  year,  but  no  dis¬ 
tinction  could  be  made  between  the  faunas  in  and  outside  the  borrow  pits. 
The  authors  also  concluded  that  normal  seasonal  variations  of  tempera¬ 
ture  and  salinity  could  mediate  changes  in  benthic  diversity  and  abun¬ 
dance  possibly  masking  or  preventing  detection  of  nourishment  effects. 


***  nor  num 


2.  Study  Area. 


The  study  area,  located  on  the  northeastern  shore  of  the  Gulf  of 
Mexico  at  Panama  City,  Florida,  is  bounded  by  the  entrance  to  St.  Andrew 
Bay  (West  Pass)  and  Philips  Inlet,  34.3  kilometers  to  the  west  (Fig.  1) . 
The  easternmost  part  of  the  study  area  remains  in  a  natural  state  (St. 
.Andrews  State  Park)  with  extensive  dunes  backing  the  beach;  the  remainder 
of  the  .area  has  been  extensively  developed  with  motels,  condominiums,  and 
support  facilities  occupying  most  of  the  beach  front. 


Figure  1.  Study  area,  depicting  transect  and  station  locations  in  the 
Gulf  of  Mexico  between  West  Pass  and  Philips  Inlet. 


.The  beaches  along  this  part  of  the  Gulf  of  Mexico  have  moderate  wave 
energy  with  intensity  increasing  from  east  to  west  (Price,  1954;  Tanner, 
1960).  The  shoreline  is  fronted  by  two  prominent  offshore  sandbars.  The 
inner  bar  lies  23  to  91  meters  offshore  and  is  often  sinuous  and  broken. 
The  second  bar,  about  244  meters  offshore,  is  continuous  and  uninterrupted. 
The  depth  of  the  first  bar  is  generally  less  than  1.5  meters;  the  depth 
of  the  second  bar  is  3  to  4  meters.  Just  beyond  the  second  bar  the  bottom 
slopes  rapidly  to  about  9  to  10  meters.  This  slope  continues  to  about  18 
meters  and  then  becomes  more  gradual.  The  continental  shelf  in  this  area 
is  not  nearly  as  wide  as  it  is  in  most  areas  of  the  Gulf  of  Mexico. 
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The  segment  of  gulf  shoreline  from  Destin  East  Pass  to  St.  Andrew  Bay 
is  unusual  because  it  lacks  the  coastal  barrier  islands  typical  of  Florida 
coastal  geography  (Bruun,  Gerritsen,  and  Morgan,  1958).  Kwon  (1969)  de¬ 
scribes  the  physiography  of  the  area  as  an  erosional  feature  of  the  gulf 
coast.  Prevailing  winds  in  the  area  are  from  the  southeast  to  south, 
generating  an  east-to-west  longshore  current.  Balsillie  (1975)  summarized 
estimates  of  longshore  transport  for  the  beaches  of  the  Florida  panhandle. 

In  the  vicinity  of  St.  Andrews  Park  the  net  longshore  transport  rates  are 
estimated  to  range  from  56,577  to  173,554  cubic  meters  per  year. 

3.  Study  Objectives. 

This  study  provides  information  on  the  ecological  relationship  of  the 
henthic  fauna  inhabiting  natural  beaches  and  offshore  borrow  areas.  In¬ 
faunal  community  structure  and  surface  sediment  characteristics  were 
examined  following  a  beach  nourishment  program  on  the  Panama  City  and 
nearby  beaches.  The  data  collected  were  compared  with  prenourishment 
base-line  data  to  determine  long-term  effects  of  beach  nourishment  on 
benthic  infauna.  Specific  objectives  of  the  study  were  to 

(a)  quantitatively  sample  the  benthic  macroinfauna  at  49  near¬ 
shore  stations,  including  two  borrow  sites; 

(b)  identify  the  organisms  collected  to  the  lowest  practical 
taxonomic  unit; 

(c)  define  the  distribution,  density,  diversity,  and  other 
community  parameters  of  the  nearshore  benthic  infauna; 

(d)  collect  surface  sediment  samples  at  each  station  and 
evaluate  the  granulometric  composition  as  well  as  the  organic 
carbonate  content; 

(e)  sample  during  winter  and  summer  months  to  determine  sea¬ 
sonal  variations;  and 

(f)  compare  the  data  collected  with  Saloman's  (1976)  data 
and  evaluate  the  results  in  terms  of  beach  nourishment  effects. 

4.  Station  Locations. 

A  total  of  49  stations  were  sampled  during  this  study.  Forty-seven 
stations,  located  on  nine  transects  in  the  Gulf  of  Mexico  between  West  Pass 
and  Philips  Inlet,  are  the  same  as  those  sampled  by  Saloman  (1976).  The 
transects  were  positioned  perpendicular  to  shore  and  each  contained  five 
stations  (Fig.  1):  station  1  in  the  swash  zone;  station  2  on  the  first 
sandbar;  station  3  between  the  first  and  second  sandbar;  station  4  on  the 
second  sandbar;  and  station  5  seaward  of  the  second  sandbar  in  3  to  4 
meters  of  water.  Stations  CA  and  CB  (control  sites)  were  located  in  9  to  10 
meters  of  water  off  transects  5  and  8. 

Locations  of  the  nine  transects  along  Panama  City  Beach  are  as  follows: 
transect  1  is  274.3  meters  west  of  the  jetty  at  the  entrance  of  St.  Andrew 
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Bay  in  Sc.  Andrews  State  Park;  transect  2  is  30.5  meters  east  of  the  pier 
in  St.  Andrews  State  Park;  transect  3  is  offshore  of  the  intersection  of 
Lookout  Street  and  Spyglass  Street;  transect  4  is  offshore  of  the  Holiday 
Inn  West;  transect  5  is  offshore  of  the  Fiesta  Motel;  transect  6  is  off¬ 
shore  of  the  Fountainbleau  Terrace  Motel;  transect  7  is  offshore  of  the 
Sunnyside  Motel;  transect  8  is  offshore  of  the  Roundtower  Motel;  and 
transect  9  is  offshore  of  Pinnacle  Port.  The  motel  names  for  transects  4 
and  6  were  reversed  in  Saloman  (1976). 

In  addition  to  the  47  stations,  2  borrow  sites  that  were  dredged  in 
July  and  August  1976,  but  have  since  filled  in,  were  also  sampled.  Borrow 
site  B1  is  located  about  6.4  kilometers  southeast  of  Laguna  Beach,  offshore 
of  the  Ambassador  Motel,  183  meters  from  Highway  98  in  about  6.1  meters  of 
water.  The  site  is  rectangular,  152  by  23  meters,  and  parallel  to  the 
beach.  Borrow  site  B2  is  located  about  2.4  kilometers  southeast  of  Laguna 
Beach  in  front  of  the  Peppertree  Motel  (abandoned),  274  meters  offshore 
of  Highway  98  in  about  6.1  meters  of  water.  The  site  is  rectangular,  229 
by  128  meters,  and  is  oriented  diagonally  to  the  shoreline.  Stations  CA 
and  CB  served  as  control  stations  for  the  borrow  sites. 

II.  MATERIALS  AND  METHODS 

1,  Physical  Parameters. 

Temperature  (in  °  Celsius) ,  dissolved  oxygen  (in  parts  per  million), 
and  conductivity  (in  micromhos  per  centimeter)  were  measured  at  each  station 
with  a  Hydrolab  in  situ  physicochemical  monitor.  Where  water  depth  was 
sufficient,  readings  were  taken  0.5  meter  below  the  surface  as  well  as 
0.5  meter  above  the  bottom.  Logbook  entries  for  conductivity  were  corrected 
for  temperature  and  converted  to  salinity  (in  parts  per  thousand) .  Dissolved 
oxygen  readings  were  corrected  for  salinity. 

2.  Topography . 

Using  standard  surveying  techniques,  beach  profiles  were  constructed 
for  each  of  the  nine  transect  sites.  Beginning  landward  at  the  surveying 
monuments,  the  profiles  extended  seaward  to  wading  depth. 


3.  Sediment  Characteristics. 

At  each  station  two  sediment  samples  were  taken  with  a  5. 08-centimeter - 
diameter  polyvinylchloride  (PVC)  core.  The  cores  were  inserted  10  to  15 
centimeters  into  the  substratum,  removed  and  both  ends  corked.  The  samples 
were  then  transferred  to  454-milliliter  plastic  jars  with  internal  and 
external  labels,  frozen,  and  stored  until  analyzed.  One  sample  from  each 
station  was  processed  for  grain  size,  organic  content,  and  carbonate  con¬ 
tent.  The  second  sample  served  as  a  backup. 

Laboratory  analysis  of  sediment  samples  is  schematically  shown  in 
Figure  2.  Details  of  the  procedures  are  as  follows: 


- + 


Record  Dry 
Weight;  Burn 
off  Carbonates 
@1000°C  for  1  hr 


♦ 


lilculate  pet 
Carbonates 


Figure 


2.  Schematic  of  sediment  analysis  procedures. 
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(a)  Grain-size  analysis  was  performed  by  sieving  a  dried  sample 
aliquot  through  a  series  of  20-centimeter -diameter  nested  sieves  of  1-phi 
mesh  intervals  (Wentworth  scale)  for  30  minutes.  The  sample  was  first 
rinsed  with  distilled  water  to  remove  salt  and  sieved  wet  with  a  0.063- 
millimeter  mesh  to  remove  any  silt-clay  fractions  (also  dried  and  weighed). 

'(b)  Organic  carbon  present  in  each  sample  was  determined  by  combusting 
a  previously  dried  sample  at  500  Celsius  for  1  hour.  The  loss  due  to 
ignition  was  considered  to  be  the  organic  ca.rbon  content. 

(c)  Carbon  as  present  in  carbonate  compounds  was  determined  by  heating 
a  sample  (organic  carbon  previously  burned  off)  to  1000  Celsius  for  1  hour. 
The  weight  loss  was  considered  to  be  the  amount  of  carbon,  as  carbonates, 
present  in  the  sample. 

Various  data  analysis  procedures  were  used  in  the  statistical  analyses 
(Tables  1  to  4)  of  the  sediment  samples.  Organic  carbon  and  carbonate  values 
were  calculated  and  presented  as  percentages  of  the  total  sample.  Statistics 
on  the  grain-size  distribution  were  performed  using  the  following  formulas, 
where  phi  (0)  =  -log2x;  x  =  particle  size  in  millimeters: 

(a)  Median  grain  size,  Md,  is  the  point  at  which  half  of  the 
particles  by  weight  are  coarser  and  half  are  finer.  It  is  the 
diameter  corresponding  to  the  50  percent  mark  on  the  cumulative  curve. 

(b)  Mean  grain  size,  Mz,  is  the  overall  size  measure  (Folk,  1974). 

Mz  =  016  +  050  +  085 

(c)  Inclusive  graphic  standard  deviation  (sorting  coefficient), 
o,  is  the  measure  of  uniformity  or  sorting  (Folk,  1974). 

_  _  084  -  016  ,  095  -  05 

o - 5 -  +  - FTr- 

(d)  Inclusive  graphic  skewness,  Sk,  measures  the  degree  of  asymmetry 
of  the  particle  distribution  curve,  taking  into  account  the  skewness 
of  the  tails  of  the  curve  as  well  as  the  central  part.  It  is 
independent  of  the  sorting  of  the  sample.  A  symmetrical  curve  has  a 
skewness  of  zero;  a  positively  skewed  curve  indicates  an  excess  of 
fine  material;  a  negatively  skewed  curve  indicates  an  excess  of 
coarse  sediments  (Table  3)  (Folk,  1974). 

O.  _  016  +  084  -  2050  ,  05  +  095  -  2050 
2  (084  -  016)  2  (095  -  05) 

(e)  Graphic  kurtosis,  Kg,  is  the  ratio  between  the  sorting  in  the 
tails  of  the  granulometric  curve  and  the  sorting  of  the  new  central 
part  of  the  curve  (Folk,  1974). 

v„  -  095  -  05 

~  2.44  (075  -  025) 
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Table  1.  Sediment  classification  by  particle  size  (Wentworth 
classification) . 


Class 

1  Grain  size  i 

1  Phi 

Gravel 

<-l 

>2.0 

Very  coarse  sand 

0 

>1.0  <2.0 

Coarse  sand 

1 

>0.5  <1.0 

Medium  sand 

2 

>0.25  <0.5 

Fine  sand 

'3 

>0.125  <0.25 

Very  fine  sand 

4 

>0.0625  <0.125 

Silt  clay 

>  4 

<0.0625 

Table  2.  Degree  of  sediment  sorting  based  on  inclusive  graphic 
standard  deviation  (Folk,  1974). 


Standard  deviation 

Degree  of  sorting 

<0.35  0 

Very  well  sorted 

0.35  0  -  0.50 

0 

Well  sorted 

0.50  0  -  0.71 

0 

Moderately  well  sorted 

0.71  0  -  1.00 

0 

Moderately  sorted 

1.00  0  -  2.00 

0 

Poorly  sorted 

2.00  0  -  4.00 

0 

Very  poorly  sorted 

Table  3.  Classification  of  sediment  by  skewness  (Folk,  1974). 


Sk  values 

degree  ot  skewness 

+1.00  -  +0.30 

Strongly  fine-skewed 

+0.30  -  +0.10 

Fine- skewed 

+0.10  -  -0.10 

Near  symmetrical 

-0.10  -  -0.30 

Coarse  skewed 

-0.30  -  -1.00 

Strongly  coarse-skewed 

Table  4.  Classification  of 

sediment  by  kurtosis  (Folk,  1974). 

Kg  values 

Degree  of  kurtosis 

<0.67 

Very  platykurtic 

0.67  -  0.90 

Platykurtic 

0.90  -  1.11 

Mesokurtlc 

1.11  -  1.50 

Leptokurtic 

1.50  -  3.00 

Very  leptokurtic 

>3.00 

Extremely  leptokurtic 
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4.  Benthic  Fauna. 


a.  Field  Procedures.  Benthic  fauna  was  sampled  with  a  stainless-steel 

plug  sampler  (Fig.  3)  covering  a  surface  area  of  0.016  square  meter  and 
penetrating  to  a  depth  of  23  centimeters.  This  was  the  same  type  coring 

device  used  by  Saloman  (1976).  The  top  of  the  core  was  covered  with  0.5- 

square  millimeter  mesh,  stainless-steel  screen  to  prevent  loss  of  organisms. 
In  operation  the  sampler  is  inserted  into  the  substratum;  the  sediments  on 
the  outside  of  one  side  of  the  sampler  are  removed,  and  the  sampler  tilted 

and  lifted  out  with  a  hand  covering  the  bottom.  At  stations  with  a  water 

depth  greater  than  1.2  meters  the  sampler  is  operated  by  a  diver  who 
removes  the  core,  inverts  i  and  places  it  in  a  metal  basket.  When  four 
cores  are  obtained,  the  basicet  is  hauled  to  the  surface  vessel,  where  the 
samples  are  extruded  into  labeled  5-gallon  (19  liters)  plastic  buckets. 
Samples  taken  in  less  than  1.2-meter  depths  are  obtained  by  wading  and 
returning  to  the  beach  for  processing. 

Five  plug  samplers  were  taken  at  each  station:  four  samples  for 
faunal  analysis  and  one  as  a  backup  in  case  of  a  loss  of  a  processed  sample. 
Onshore  the  samples  were  washed  through  a  box  sieve  with  a  mesh  of  0.701 
square  millimeter.  The  material  retained  on  the  sieve  was  placed  in  a 
plastic  jar  with  both  internal  and  external  labels.  A  10  to  15  percent 
solution  of  magnesium  chloride  in  seawater  was  added  to  the  jars  to  relax 
the  organisms  in  order  to  reduce  fragmentation  upon  preservation.  After 
relaxation,  a  10  percent  formalin-seawater  buffered  solution  containing 
rose  bengal  stain  (to  facilitate  sorting)  was  added  to  the  samples. 

Samples  were  transferred  to  70  percent  isopropyl  alcohol  within  a  week  of 
initial  preservation. 

b.  Laboratory  Procedures.  In  the  laboratory  faunal  samples  were  sorted 
under  a  stereozoom  binocular  dissecting  microscope.  Taxonomic  identifica¬ 
tions  were  performed  under  the  binocular  dissecting  scope  or  a  binocular 
compound  microscope.  Identifications  of  species  were  accomplished  with 
the  use  of  descriptive  literature  and  a  set  of  reference  specimens  from 
Saloman  (1976) .  Additionally,  taxonomic  experts  were  utilized  to  either 
identify  or  confirm  identifications  of  selected  taxa. 

c.  Data  Analysis  Procedures.  Numerical  indices  were  chosen  which 
have  a  widespread  use  in  scientific  literature  and  provide  summaries  of 
data,  and  which  would  aid  comparisons  with  Saloman's  (1976)  data. 

Faunal  density  estimates  are  reported  as  numbers  of  individuals  per 
square  meter.  Values  were  computed  by  dividing  the  total  number  of 
individuals  found  at  a  station  (for  four  replicates)  by  the  total  area 
sampled  (0.0624  square  meter). 

Species  richness  was  considered  to  be  the  total  number  of  species 
found  at  each  station  for  all  replicates. 


Menzies,  George,  and  Rowe  (1973)  define  species  diversity  as  a  concept 
in  community  ecology  which  refers  to  the  heterogeneity  (or  lack  of  it)  in 
a  community  or  assemblage  of  organisms.  Thus,  diversity  is  dependent 
upon  the  number  of  species  present  (species  richness,  S)  and  the  distribu¬ 
tion  of  individuals  among  species  (equitabllity  or  evenness) .  Another 
definition  of  diversity  is  simply  the  number  of  species  found  in  a  unit 
area  (Whittaker,  1972).  Indices  to  measure  diversity,  species  richness 
and  equitabllity  are  so  numerous  that  confusion  exists  (e.g.,  Hairston, 

1964;  Sanders,  1968;  Hurlbert,  1971;  Whittaker,  1972;  Fager,  1972;  Peet, 
1974;  Pielou,  1975;  Smith,  et  al.,  1979).  The  proliferation  of  indices 
prompted  Hurlbert  (1971)  and  Peet  (1974)  to  recommend  discarding  diversity 
as  a  measure  in  ecological  studies.  However,  placed  in  the  proper  perspec¬ 
tive,  diversity  indices  have  been  shown  to  be  useful  in  "bioenvironmental" 
studies  (Boesch,  1972;  Borowitzka,  1972;  Swartz,  1972;  Pearson,  1975; 

Swartz,  1978).  In  this  study  the  data  analysis  is  restricted  to  the  two 
commonly  used  diversity  indices:  the  Shannon-Weaver  index  (Shannon  and 
Weaver,  1963)  and  the  Gini's  index  (Gini,  1912;  Simpson,  1949). 

(1)  The  Shannon-Weaver  Index  of  Diversity.  This  index  is  based  on 
information  techniques,  where  diversity  is  equated  to  the  amount  of  un¬ 
certainty  which  exists  regarding  the  species  identity  of  an  individual 
selected  at  random  from  a  community.  The  more  species  and  the  more  evenly 
their  representation,  the  greater  the  uncertainty  and  hence,  the  greater 
the  diversity.  The  computational  formula  for  Shannon's  index  is 

H'  -  C/N  (N  log  N  -  ISn,  log.,  n.) 

10  ^  10  1 

where  C  =*  2.3026  (for  "nats",  units  expressed  as  natural  logarithms),  N  is 
the  total  number  of  individuals,  and  ni  the  number  of  individuals  in  the  ith 
species.  Lloyd,  et  al.  (1968)  presented  the  functions  of  "nlogion"  for  all 
integers  from  n  «  1  to  n  *  1050  to  simplify  the  use  of  Shannon’s  index. 

(2)  Gini's  Index  of  Diversity.  This  index  is  a  measure  of  the  domi¬ 
nance  in  a  sample.  Though  it  is  usually  insensitive  to  rare  species,  it 
has  been  used  conmonly  as  a  diversity  index.  The  computational  formula 
for  dominance  diversity  (Simpson,  1949)  is 

DM  *  Za  n  (n-l)/N(N-l) 

and  complemental  or  actual  diversity,  d  *  1  -  DM  (Gini,  1912). 

(a)  Equitabllity ♦  Equitabllity  is  considered  a  component  of  diversity 
in  that  it  provides  an  idea  about  the  evenness  of  species  distribution  at 
a  site.  Usually,  a  positive  correlation  exists  between  diversity  and 
equitabllity  (De  Jong,  1975),  i.e.,  a  high  equitabllity  would  indicate  a 
high  diversity.  Traditionally,  high  equitabllity  and  diversity  have  been 
considered  to  Indicate  a  "healthy  condition"  of  the  fauna.  Reduction  of 
equitabllity  usually  occurs  with  an  increase  in  oligomixity  (i.e.,  dominance 
by  few  species).  Pielou 's  (1966)  method  of  measuring  equitabllity  was  used 
in  this  study.  The  computational  formula  is 

J’  -  H'/loges 
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(b)  Faunal  Similarity.  A  number  of  coefficients  for  measuring 
faunal  similarities  are  available  (Sanders,  I960;  Horn,  1966;  Whittaker-, 
1967;  Lie  and  Kelly,  1970;  Bray  and  Curtis,  1975;  Grassle  and  Smith, 

1976).  However,  most  of  the  available  coefficients  consider  only  the 
number  and  rank  of  common  species  and  not  the  distribution  of  individuals. 
The  Morisita's  index  (Morisita,  1959),  which  takes  into  consideration 
both  the  number  of  species  in  common  and  the  number  of  individuals  shared, 
is  utilized  in  this  study.  Many  authors  in  the  past  have  used  this  index 
with  a  greater  degree  of  success  than  other  overlap  coefficients  (Ono, 

1961;  Barnard,  1970;  Mauchline,  1972;  Bloom  et  al.,  1972;  Gage  and 
Geekie,  1973;  Menzies,  1973;  Paul,  1973;  Farrell,  1974;  Marum,  1974;  Gage, 
1975;  Mahaderan,  1979).  The  computational  formula  for  the  Morisita's 
index  is 

CX  *  2  Es  .  .  n.,  n, ./  (X  +X  )  N  N 
1*1  11  *1  12  12 

X  *  Is  nli  (nii~1) 

1  Nj  (Nx  -1) 

X„  =  SS  n2i  Cn2i_1) 

n2  (n2  -1) 

where  N*  and  N2  are  the  total  number  of  individuals  in  sample  one  and  two, 
respectively,  nj ^  and  n2f  are  the  number  of  individuals  in  the  ith  species 
of  sample  one  and  two,  respectively.  The  value  of  CX  is  about  one  when  the 
two  samples  are  identical  and  zero  when  no  common  species  are  present. 

The  index  is  relatively  free  from  sample  size  effects. 

Faunal  similarity  comparisons  were  conducted  between  Saloman's  (1976) 
collections  and  this  study's  collections.  Each  station  was  considered  as 
a  composite  over  nine  transects. 


where 


and 


III .  RESULTS 


1.  Physical  Parameters. 

a.  Present  Study.  Values  for  water  temperature,  salinity,  and 
dissolved  oxygen  concentration  for  each  station  are  presented  in  Table  5, 
for  November-December  1979,  and  in  Table  6  for  May  1980.  Temperatures 
during  the  November-December  sampling  ranged  from  16.5  to  21.0  Celsius. 
The  lower  temperatures  were  usually  recorded  in  the  colder,  early  morning 
hours  before  the  water  became  mixed  and  warmed  by  solar  radiation.  Bottom 
temperatures  at  the  deeper  stations  were  generally  slightly  warmer  than 
surface  temperatures.  Variation  of  temperature  was  less  during  May  with 
values  ranging  from  24.0°  to  26.0°Celsius. 

Salinity  during  the  November-December  sampling  ranged  from  32.5  to 
35.5  parts  per  thousand,  typical  of  open  gulf  waters  not  strongly  in¬ 
fluenced  by  coastal  runoff.  Salinities  during  May  were  slightly  lower, 
ranging  from  29.0  to  32.0  parts  per  thousand.  The  extremely  low  values 
recorded,  14.5  to  27.0  parts  per  thousand  (Table  6),  are  believed  to  be 
due  to  instrument  malfunction. 
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Table  5.  Water  temperature,  salinity,  and  dissolved 
oxygen  data  for  the  November-Dee ember  1979 
sampling  at  all  stations. 


Temperature  (°C) 

Salinity 

(PPO  1 

Station 

■LZ333S3 

Bottom 

imdn  it 

1-1 

17.0 

+1 

8.3 

+ 

33.0 

rm | 

2-1 

17.5 

+ 

8.4 

+ 

33.0 

3-1 

17.5 

+ 

8.2 

+ 

32.5 

4-1 

17.0 

+ 

*2 

+ 

33. S 

stlfeiM 

5-1 

18.0 

+ 

7.7 

+ 

34.0 

jiifel* 

6-1 

19.0 

+ 

8.3 

+ 

33.5 

7-1 

19.0 

+ 

8.0 

+ 

33.5 

8-1 

18.5 

+ 

8.3 

+ 

33.5 

9-1 

20.0 

+ 

7.8 

+ 

33.5 

18.0 

+ 

8.3 

33.0 

18.0 

+ 

8.4 

+ 

33.5 

17.5 

+ 

8.4 

+ 

33.0 

18.0 

+ 

* 

+ 

33.5 

5-2 

18.0 

+ 

7.7 

+ 

34.0 

6-2 

19.5 

+ 

7.8 

+ 

33.5 

7-2 

19.5 

+ 

7.6 

+ 

33.5 

MihiH 

8-2 

19.0 

7.7 

+ 

33.5 

9-2 

20.0 

+ 

7.8 

+ 

33.5 

1-3 

18.0 

19.0 

7.7 

7.7 

34.0 

34.0 

2-3 

18.0 

18.5 

8.0 

7.8 

34.0 

34.0 

3-3 

19.0 

r».c 

7.9 

7.8 

34.0 

34.0 

4-3 

18.5 

i8 . 0 

8.1 

8.0 

33.5 

33.5 

5-3 

17.5 

17.5 

7.9 

7.6 

33.5 

34.0 

6-3 

19.0 

19.5 

7.7 

7.2 

34.0 

34.0 

18.5 

19.0 

8.1 

7.9 

34.0 

34.0 

16.  •• 

16. 

8.2 

8.0 

34.0 

34.0 

■urn 

20.0 

20.0 

7.8 

7.5 

33.5 

34.0 

1-4 

18.  n 

>9.0 

7.9 

8.0 

34.0 

34.0 

2-4 

.'8.0 

18.5 

7.8 

7.7 

33.5 

34.0 

3-4 

19.0 

18.5 

7.3 

6.7 

33.5 

34.0 

4-4 

19.0 

19.0 

8.0 

7.8 

33.5 

33.5 

5-4 

18.'. 

18.0 

8.6 

8.6 

34.0 

34.0 

6-4 

19.0 

19.0 

7.8 

7.5 

34.0 

34.0 

7-4 

19.5 

20.0 

8.2 

7.8 

34.0 

34.5 

8-4 

16.5 

17.0 

8.2 

8.0 

34.0 

34.0 

9-4 

19.5 

20.0 

7.7 

7.5 

34.5 

34.5 

1-5 

18.5 

19.0 

7.7 

7.7 

34.0 

34.0 

2-5 

18.0 

18.5 

7.8 

7.7 

33.5 

34.0 

3-5 

19.0 

18.0 

7.4 

7.9 

34.0 

34.5 

4-5 

19.5 

19.5 

7.7 

7.6 

33.5 

33.5 

5-5 

18.0 

18.5 

7.9 

E SB 

34.0 

34.0 

6-5 

19.5 

21.0 

7.7 

H 

35.5 

35.0 

7-5 

20.0 

8.0 

mm 

35.5 

35.0 

8-5 

20.0 

20.5 

8.1 

35.0 

35.0 

9-5 

19.0 

19.0 

E8 ■ 

34.5 

34.5 

Control 

Sites  C  A 

18.5 

18.0 

7.3 

7.3 

33.5 

34.0 

C  B 

20.0 

20.5 

7.7 

7.5 

35.0 

35.0 

Borrow 

Sites  B  1 

18.0 

17.5 

7.7 

7.8 

34 .0 

34.0 

B  2 

17.0 

18.0 

7.9 

7.4 

33.5 

33.5 

+l  indicates 
*2  indicates 

water  too 

instrument 

shallow  for  two  readings 
malfunction. 
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Table  6.  Water  temperature,  salinity,  and  dissolved 

oxygen  data  for  the  May  1980  sampling  at  all 
stations. 


Station 

■HU 

IK  55  HHtHSffji 

1-1 

26.0 

+1 

5.5 

g|p|g| 

30,0 

■M 

2-1 

25.5 

+ 

5.5 

30.0 

3-1 

26.0 

+ 

5.5 

30.5 

4-1 

26.0 

+ 

5.2 

29.5 

iffiiE&H 

5-1 

26.0 

+ 

5.3 

IlliiMSH 

30.0 

6-1 

26.0 

+ 

5.5 

30.5 

7-1 

* 

2 

mi  w  - 

8-1 

HHI^H 

9-1 

25.0 

+ 

5.8 

23. 03 

1-2 

25.5 

25.5 

5.3 

5.3 

30.5 

30.5 

2-2 

25.5 

25.5 

5.4 

5.4 

30.0 

30.0 

3-2 

26.0 

26.0 

5.5 

5.5 

30.0 

30.0 

4-2 

26.0 

26.0 

5.1 

5.1 

30.0 

30.0 

5-2 

26.0 

26.0 

5.2 

5.2 

29.5 

29.5 

6-2 

26.0 

26.0 

5.4 

5.4 

30.5 

30.5 

7-2 

8-2 

9-2 

25.0 

25.2 

5.3 

5.2 

27. 03 

24. 03 

1-3 

25.0 

25.0 

5.2 

5.1 

EH 

2-3 

25,0 

25.0 

5.0 

4.8 

warn 

3-3 

25.5 

25.0 

5.0 

4.9 

31.0 

31.5 

4-3 

25.0 

24.2 

5.1 

4.9 

31.0 

31.0 

5-3 

25.5 

24.5 

5.2 

5.2 

31.5 

31.5 

6-3 

25.5 

25.0 

5.3 

5.3 

31.0 

31.0 

7-3 

25.0 

25.0 

5.7 

5.5 

31.5 

30.5 

8-3 

25.5 

25.0 

5.1 

5.4 

30.0 

30.5 

9-3 

25.0 

24.0 

5.1 

4.9 

23. 03 

22. 53 

■  IH 

I 

25.0 

25.0 

5.3 

5.2 

30.0 

30.5 

H?:  i  MM 

■ 

25.0 

24.5 

5.0 

5.0 

32.0 

31.5 

H^  .VisSS 

■ 

25.2 

25.0 

5.0 

4.9 

30.5 

31.0 

Hi' : 

■ 

25.0 

24.5 

5.0 

4.9 

31.5 

31.5 

■ 

25.0 

25.0 

5.1 

5.1 

31 .5 

31.5 

25.3 

25.3 

5.5 

5.4 

31.5 

31.0 

Hi  **23* 

■ 

25.0 

25.0 

5.5 

5.2 

31.5 

33.0 

8-4 

25.0 

25.3 

5.1 

5.3 

29.0 

29.0 

9-4 

25.5 

24.5 

5.3 

5.3 

23. 03 

23. 03 

1-5 

25.0 

25.0 

5.2 

5.0 

EH 

31.5 

2-5 

25.0 

25.0 

4.9 

4.9 

32.0 

3-5 

25.0 

24.5 

5.0 

4.9 

E9K 

31.0 

4-5 

25.0 

24.5 

5.0 

4.8 

31.5 

31.5 

5-5 

25.0 

25.0 

5.0 

5.0 

31.5 

31.5 

6-5 

25.5 

25.0 

5.3 

5.2 

31.5 

31.5 

7-5 

25.3 

25.3 

5.4 

5.5 

30.5 

30.5 

8-5 

25.5 

25.5 

5.5 

5.5 

29.0 

29.0 

9-5 

25.2 

25.0 

5.2 

5.8 

14. 53 

18. 03 

Control 

Sites  C 

A 

25.0 

24.2 

5.1 

5.1 

31.0 

31.0 

c 

B 

25.5 

25.5 

5.2 

5.2 

29.0 

29.0 

Borrow 

Sices  B 

1 

25.0 

25.0 

5.4 

5.2 

31.0 

31.5 

B 

2 

25.0 

25.0 

5.4 

5.2 

31.0 

31.5 

+1  indicates  water  too  shallow  for  two  readings. 

*2  indicates  data  were  not  obtained  due  to  very  rough  seas. 
3  indicates  probable  instrument  malfunction. 
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Dissolved  oxygen  values  were  higher  in  November-December  than  in  May, 
reflecting  the  colder  water  temperatures.  For  November-December,  dissolved 
oxygen  values  ranged  from  7.1  to  8.6  parts  per  million  and  for  May  they 
ranged  from  4.8  to  5.8  parts  per  million.  Overall,  the  highest  dissolved 
oxygen  values  were  recorded  at  the  surface  of  the  shallow  stations.  All 
stations  appeared  to  have  relatively  high  dissolved  oxygen  values  (near 
saturation),  indicating  that  dissolved  oxygen  would  not  be  a  limiting  factor 
in  the  distribution  and  abundance  of  the  benthic  fauna  in  the  study  area. 

Spatially,  all  physical  parameters  varied  very  little  for  both 
sampling  periods.  Additionally,  temperature,  salinity,  and  dissolved 
oxyi.en  were  not  indicative  of  stressful  conditions.  Therefore,  they  are 
not  considered  as  controlling  factors  in  the  distribution  of  benthic  fauna 
within  the  study  area,  provided  the  observations  made  during  November- 
December  and  May  are  characteristic  of  conditions  during  the  remainder  of 
the  year. 


b.  Comparison  to  Salopian's  (1976)  Study.  Dissolved  oxygen  was  not 
measured  during  Saloman's  (1976)  study.  The  values  for  temperature  and 
salinity  recorded  during  this  study  compare  very  favorably  to  the  data  com¬ 
piled  by  Saloman  (1976) .  The  ranges  of  salinity  and  temperature  are  nearly 
identical  for  comparable  sampling  dates.  As  observed  during  this  study, 
Saloman’s  data  exhibited  only  low  levels  of  spatial  variation. 

2.  Topography . 

Beach  profiles  were  constructed  for  each  of  the  nine  transects  (Fig.  4). 
Two  additional  stations  sampled  were  used  as  nourishment  borrow  sites  in  July 
and  August  1976.  A  special  effort  was  made  at  these  stations  to  detect  any 
irregularities  of  bottom  profile  or  type  of  substrata.  Numerous  nearshore 
to  offshore  as  well  as  shoreline  parallel  bathymetric  profiles  were  run 
over  each  borrow  site  to  detect  any  depressions  or  irregular  contours.  No 
depressions  or  changes  in  bottom  type  could  be  detected  either  by  fathometer 
traces  or  visual  inspection  by  divers.  The  borrow  sites  were  indistinguish¬ 
able  from  undisturbed  areas  within  the  limits  of  detection  methods  used. 

3.  Sediment  Characteristics. 

a.  Present  Study.  A  total  of  98  sediment  samples  from  the  November- 
December  1979  and  May  1980  collections  were  analyzed  for  particle-size 
distribution,  organic  carbon,  and  carbonate.  Summaries  of  the  results  of 
these  analyses  are  presented  in  Table  7  (November-December  1979)  and  Table 
8  (May  1980) .  A  complete  breakdown  of  the  particle-size  distribution  by 
phi  interval  is  given  in  Appendix  A.  Little  variation  was  evident  on  a 
seasonal  basis.  For  the  November-December  sampling  mean  grain  size  ranged 
from  1.35  to  2.50  phi;  mean  grain  size  ranged  from  1.44  to  2.91  phi  for  the 
May  sampling.  Spatially,  sediments  gradually  changed  from  coarser  to  finer 
grain  size  on  transects  from  the  shore  to  the  outer  stations.  This  change 
is  due  primarily  to  a  shift  from  medium  to  fine  sand  particles.  Most  of 
the  stations  for  both  sampling  periods  were  moderately  to  moderately  well 
sorted,  being  somewhat  coarse-skewed .  The  bulk  of  the  sediments  within  the 
study  area  consisted  of  fine,  medium,  and  coarse  quartz  sand. 
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Table  7.  Sediment  parameters  for  all  stations 

for  the  November-December  1979  sampling, 


1.74 

1.65 

0.97 

-0.19 

0.97 

0.03 

0.10 

0.64 

2.02 

1.99 

0.65 

-0.05 

0.75 

0.03 

0.03 

0.16 

1.70 

1.79 

0.73 

0.08 

0.95 

0.02 

0.04 

0.05 

2.66 

2.07 

0.71 

0.07 

1.19 

0.02 

0.03 

0.14 

1.95 

1.94 

0.73 

-0.11 

0.88 

0.01 

0.52 

0.17 

1.72 

1.80 

0.74 

0.55 

0.98 

0.01 

0.15 

0.05 

1 .44 

1.39 

0.63 

-0.07 

*  1 .34 

0.01 

0.09 

0.28 

1.43 

1.38 

0 . 64 

-0.08 

1.33 

0.00 

0.  14 

0.36 

1.42 

1.35 

0.73 

-0.10 

1.25 

0.01 

0.14 

0.36 

1.79 

1.71 

0.73 

0.01 

1.07 

0.02 

0.14 

0.25 

0.39 

0.28 

0.10 

0.22 

0.21 

0.01 

0.15 

0.19 

.  76 

0.02 

0.01 

.85 

0.02 

.75 

0.01 

.84 

0.01 

.90 

0.03 

.79 

0.00 

.63 

0.00 

.77 

0.00 

0.07 

0.21 

0.06 

0.36 

0.03 

0.11 

0.17 

0.32 

0.24 

0.42 

0.12 

0.12 

0.14 

0.30 

0.07 

0.00 

0.10 

0.12 

2.11 

0.71 

-0.32 

0.96 

0.01 

0.16 

0.96 

2.28 

2.20 

0.59 

-0.23 

0.89 

0.01 

0.12 

0.-6 

2.29 

2.18 

0 . 61 

-0.27 

0.89 

0.03 

0.16 

0 .  b4 

2.41 

2.41 

0.-7 

-0.17 

1.12 

0.00 

0.27 

0.60 

2.29 

2.18 

0.63 

-0.28 

0.92 

0.01 

0.16 

0  ^0 

2.43 

2.43 

0.-6 

-0.16 

1.15 

0.01 

0.07 

0.10 

1.90 

1.92 

0.71 

-0.03 

0.84 

0.03 

0.14 

0.13 

1.70 

1.73 

0.82 

-0.03 

0.96 

0.02 

0.07 

0.08 

2.29 

2.20 

0.60 

-0.25 

0.91 

0.01 

0.14 

0.18 

2.20 

2713 

0.62 

-0.19 

0.96 

0.01 

0.14 

0.-1 

0.24 

0.22 

0.11 

0.11 

0.11 

0.01 

0.06 

0.30 

2.35 

2.28 

0.55 

-0.19 

1.10 

0.02 

0.14 

0.24 

.  0.11 

0.16 

0.14 

0.13 

0.37 

0.01 

0.06 _ 

0.25 

Mean  2 . 39 

Std .  dev.  0.06 


i.32 

0.62 

-0.24 

1.27 

0.22 

0.23 

0.21 

>.19 

0.70 

-0.31 

1.03 

0.06 

0.38 

0.45 

There  was  very  little  silt-clay  material  in  the  surface  sediments 
of  the  study  area,  ranging  from  0.00  to  0.22  percent  in  November-December 
and  0.00  to  0.28  percent  in  May.  There  were  no  strong  nearshore-offshore 
trends  in  the  percentage  of  silt-clay. 

The  percentages  of  carbon  within  the  sediments  for  both  organic 
carbon  and  carbonate  were  also  very  low  with  little  spatial  or  temporal 
variation.  Organic  carbon  ranged  from  0.03  to  0.52  percent  in  November- 
December  and  0.03  to  0.30  percent  in  May.  Carbon  as  carbonate  ranged  from 
0.00  co  1.36  percent  in  November-Dee ember  and  from  0.02  to  2.23  percent  in 
May.  There  were  no  strong  nearshore-offshore  trends  for  either  organic 
carbon  or  carbonate.  However,  the  nearshore  stations  1  and  2  seemed  to 
exhibit  overall  lower  organic  carbon  values. 

There  were  no  discernible  east-west  trends  among  the  sediment  para¬ 
meters.  The  surface  sediments  of  the  entire  study  area  consist  of  fine  to 
medium  coarse  quartz  sands,  containing  very  low  levels  of  silt-clay,  organic 
carbon,  and  carbonate. 

The  sediment  parameters  of  the  borrow  sites  B1  and  B2  did  not  differ 
markedly  from  the  control  stations  CA  and  CB,  with  the  exception  of  a 
slightly  greater  percentage  of  fine  sand  at  the  borrow  sites. 

b.  Comparisons  to  Saloman’s  (1976)  Study.  Comparisons  of  mean  grain 
size,  percent  silt-clay,  percent  organic  carbon  and  percent  carbonate 
between  this  study  and  Saloman's  (1974-75)  data  are  presented  in  Tables  9 
and  10.  Only  minor  differences  were  found  between  the  two  studies.  There 
is  a  slight  but  consistent  increase  of  mean  grain  size  (phi)  from  1974-75 
to  1979-80,  indicating  a  slightly  finer  substrate  composition  in  1979-80 
(see  Fig.  5).  However,  the  percentage  of  silt-clay  material  was  apparently 
greater  during  1974-75. 

For  both  sampling  periods  the  finest  sediments  (based  on  mean  grain 
size)  were  recorded  from  the  borrow  sites,  although  they  had  nearly  the 
lowest  levels  of  silt-clay  material.  Comparisons  of  silt-clay  percentages 
are  shown  in  Figure  6. 

The  organic  carbon  and  carbonate  percentage  values  were  higher  during 
1979-80  (0.03  to  0.52  percent  organic  carbon,  0.00  to  2.23  percent  -jtrbonate) 
than  during  1974-75  (0.01  to  0.16  percent  organic  carbon,  0.00  to  0.77  per¬ 
cent  carbonate).  Comparisons  are  shown  in  Figures  7  and  8. 

Only  relatively  small  changes  were  found  in  the  various  sediment 
parameters  between  the  current  and  1974-75  data.  Slight  differences  in 
processing  techniques  by  the  respective  investigators  and  normal  sampling 
variation  would  account  for  the  observed  changes. 

4.  Benthic  Fauna. 

a.  Present  Study.  A  total  of  5,044  individuals,  representing  128 
taxa,  were  collected  from  28  November  to  1  December  1979  at  the  49  benthic 
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Table  9.  Comparison  of  mean  grain  size  (phi),  percent  silt-clay, 
percent  organic  carbon  and  percent  carbonate  between 
November  1974  and  November -Dec ember  1979  (Saloman,  1976) 
for  all  stations. 


Tabla  10.  Comparison  of  mean  grain  slza  (phi),  percent  slit-clay, 
percent  organic  carbon  and  percent  carbonate  between 


Mean 

Std.  dev. 


Mean 

Std.  dev. 


Mean 

Std.  dev. 


Mean 

Std.  dev. 


May  1975  mod  May 

1980 

(Saloman, 

1978) 

for  all 

stations. 

J  Mean  grain 

Pet 

Pet 

Pet 

size 

(*> 

si lt-clay 

organic  carbon 

carbonate 

1975 

1980 

1975 

1980 

1975 

1980 

1975 

1980 

2.08 

1.77 

0.07 

0.05 

0.01 

0.06 

0.11 

0.46 

1.42 

2.21 

0.01 

0.01 

0.1b 

0.06 

0.12 

0.09 

1.58 

1.8b 

0.02 

0.01 

0.12 

0.03 

0.01 

0.04 

1.52 

1.76 

0.00 

0.00 

0.03 

0.05 

0.70 

0.02 

1.68 

1.58 

0.00 

0.00 

0.15 

0.06 

0.17 

0.03 

1.70 

1.80 

0.00 

0.01 

0.04 

0.03 

0.09 

0.06 

1.66 

1.49 

0.00 

0.01 

0.02 

0.05 

0.03 

0.02 

1.43 

1 . 44 

0.00 

0.01 

0.04 

0.05 

0.00 

0.03 

1.15 

1.80 

0.00 

7).  oi 

0.02 

0.03 

0.01 

0.03 

0.01 

0.01 

0.05 

0.01 

0.14 

0.22 

BIB 

1.73 

2.03 

0.01 

0.01 

0.03 

0.08 

0.21 

0.73 

2.06 

2.33 

0.01 

0.28 

0.03 

0.05 

0.10 

0.05 

2.11 

2.13 

0.07 

0.00 

0.03 

0.05 

0.09 

0.12 

2.04 

2.27 

0.07 

0.02 

0.03 

0.07 

0.06 

0.04 

2.00 

2.18 

0 . 00 

0.01 

0.04 

0.07 

0.01 

0.08 

2.12 

2.17 

0.08 

0.01 

0.02 

0.06 

0.03 

0.06 

2.07 

2.12 

0.01 

0.01 

0.09 

0.06 

0.00 

0.05 

1.78 

2.23 

0.00 

0.00 

0.01 

0.06 

0.03 

0.05 

1.51 

2.07 

0.06 

0.08 

0.01 

0.07 

0.04 

0.04 

0.03 

0.03 

«/>  cr> 
o  o 

©  d 

0.03 

0.02 

0.06 

0.01 

0.06 

0.07 

0.14 

0.22 

2.28 

2.49 

0.02 

0.01 

0.08 

0 . 08 

0.01 

0.59 

2.41 

2.11 

0.04 

0.00 

0.01 

0.07 

0.01 

0.10 

2.41 

3.45 

0 . 08 

0.00 

0.05 

0.30 

0.02 

0.06 

2.45 

2.23 

0.07 

0.01 

0.03 

U.  10 

0.04 

0.06 

2.35 

2.24 

0.06 

0.00 

0.04 

0 . 06 

0.04 

0.06 

2.44 

2.18 

0.04 

0.01 

0.05 

0.08 

0.24 

0.08 

2.43 

2.  32 

0.16 

0.02 

0.01 

0 . 08 

0.05 

0.04 

2.18 

2.05 

0.01 

0.09 

0.05 

0.12 

0.00 

0.08 

2.36 

2.19 

0.06 

0.01 

0.01 

0.08 

0.01 

0.06 

Mean 

Std.  dev. 


Control 
sites  C  A 
C  B 


Mean 

Std.  dev. 


Mean 

Std.  dev. 


1  No  comparable  data. 


i  0.17 

0.03 

0.05 

0.07 

0.03 

0.16 

3  0.00 

0,07 

0.01 

0.12 

0.07 

0.17 

.38 

0.01 

0.04 

.42 

— 

0.01 

-- 

0.23 

— 

.40 

>.03 

0.01 

0.00 

0.14 

0.13 
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Figure  5.  Graphic  comparison  of  variations  in  mean  grain  size  between  the  1979-80  and  the 
1974-75  sediment  collections  for  both  November-December  and  May  sampling  periods 
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0.20 
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Figure  7.  Graphic  comparisons  of  organic  carbon  percentages  for  May  and  November 
December  between  the  1974-75  and  1979-80  collections. 
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stations;  5,959  individuals,  representing  125  taxa,  were  collected  from 
19  to  23  May  1980.  Composite  species  lists  and- faunal  counts  for  all' 
stations  for  each  sampling  period  are  presented  in  Appendix  B.  A  checklist 
of  speoies  collected  during  this  study  (Table  11)  lists  162  taxa  repre¬ 
senting  14  animal  phyla. 


(1)  Species  Composition.  Of  the  128  taxa  collected  in  November- 
December,  the  most  abundant  group  was  the  polychaetes  (36  species) , 
followed  by  bivalves  (14  species) ,  gastropods  (13  species) ,  amphipods  (10 
species),  and  brachyurans  (10  species).  For  May,  the  same  groups  were 
again  dominant:  polychaetes  (36  species),  gastropods  (15  species),  amphi¬ 
pods  (12  species),  bivalves  (11  species),  and  brachyurans  (9  species). 
These  data  are  presented  in  Table  12.  Other  major  groups  were  represented 
by  few  species  and  composed  only  a  small  percentage  of  the  total  fauna. 


For  November -December,  the  most  abundant  species  at  transect  stations 
2  to  5  was  the  polychaete  Paraoni s  fulgens  (25,  30,  42,  and  22  percent  of 
total  fauna) .  For  station  1  the  polychaete  Scolelepis  squamata  was  domi¬ 
nant  (55  percent)  At  station  2  the  bivalve  Donax  tax  as i anus  (15  percent) , 
the  amphipod  Haustorius  n.  sp.,  a  new  undescribed  species  (11  percent),  and 
the  mysid  Bowmaniella  spp.  (11  percent)  were  also  dominant  taxa.  The  amphi¬ 
pods  Acanthohaustorius  sp.,  Protohaustorius  n.  sp.,  and  Pseudohaustorius  n. 
sp.,  were  important  faunal  components  at  stations  3,  4,  and  5.  Table  13 
presents  the  dominant  fauna  for  stations  1  to  5  for  the  November-December 
sampling.  Table  14  lists  the  dominant  fauna  for  stations  CA  and  CB.  These 
stations  were  characterized  by  a  lower  level  of  oligomixity.  The  amphipod 
Protohaustorius  n.  sp.  (15  percent)  was  the  most  abundant  species  at  station 
CA;  an  unidentified  nematode  (22  percent)  the  amphipod  Pseudoplatyischnopus 
n.  spp.  (15  percent)  and  an  unidentified  oligochaete  (14  percent)  were 
dominant  at  station  CB. 


For  May  (Table  15)  the  polychaete  Scolelepis  squamata  (90  percent)  was 
singly  dominant  at  station  1  and  was  also  abundant  at  station  2  (21  percent) . 
Paraonis  fulgens  was  again  abundant  at  stations  3  (10  percent) ,  4  (42  per¬ 
cent)  ,  and  5  (18  percent).  Also  common  at  station  3  was  the  echinoderm 
Mellita  quinquiesperforata  (15  percent),  the  amphipod  Protoha us tori us  n.  sp. 
(13  percent),  and  the  polychaete  Spiophanes  bombyx  (10  percent);  at  station 
4  the  amphipods  Acanthohaustorius  sp.  (8  percent)  and  Protohaustorius  n. 
sp.  (9  percent)  were  common;  and  at  station  5  the  amphipod  Protohaustorius 
n.  sp.  (28  percent)  and  the  polychaete  Nephtys  picta  (7  percent)  were 
abundant.  Stations  CA  and  CB  showed  a  higher  level  of  oligomixity  for  May 
than  for  November-December,  but  again  it  appeared  lower  than  for  the  transect 
stations.  At  station  CA  the  amphipod  Protohaustorius  n.  sp.  (27  percent) 
and  the  polychaete  Myriochele  oculata  (14  percent)  were  abundant;  at  station 
CB  the  bivalve  Pitar  simpsoni  (35  percent)  and  the  amphipods 
Pseudoplatyischnopus  -n.  spp.  (12  percent)  and  Protohaustorius  n.  sp. 

(12  percent)  were  the  most  numerous. 
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Table  12.  Relative  number  of  species  and  percentage  of  total  faunal 
composition  over  all  stations  for  the  November-December 
1979  and  the  May  1980  sampling  at  the  Panama  City  beaches. 


Major  taxon 

Nov.' 
No.  of 
species 

-Dec.  1979 

Pet  of 
total  fauna 

May 

No.  of 
species 

1980 

Pet  of 
total  fauna 

CN ID ARIA 

3 

0.10 

1 

0.17 

PLATYHELMINTHES 

1 

0.30 

1 

0.02 

NEMERTINEA 

1 

1.45 

1 

1.33 

NEMATODA 

1 

4.46 

1 

1.01 

BRY0Z0A 

— 

— 

— 

0.02 

GASTROTRICHA 

1 

0.10 

— 

— 

PHORONIDA 

— 

— 

1 

0.62 

SIPUNCULIDA 

1 

0.02 

— 

— 

OLIGOCHAETA 

1 

3.03 

1 

0.35 

POLYCHAETA 

36 

44.21 

36 

52.96 

GASTROPODA 

13 

1.15 

15 

1.04 

BIVALVIA 

14 

2.86 

11 

6.48 

COPEPODA 

1 

0.54 

1 

0.03 

CUMACEA 

4  * 

0.61 

6 

0.77 

0STRAC0DA 

4 

0.12 

1 

0.05 

ISOPODA 

2 

0.24 

5 

1.26 

AMPHIPODA 

10 

32.06 

12 

23.97 

PENAEIDEA 

1 

0.06 

1 

0.05 

CARIDEA 

3 

0.57 

3 

0.23 

MACRURA 

— 

— 

1 

1.11 

ANOMURA 

7 

1.39 

9 

1.90 

BRACHYURA 

10 

1.97 

9 

2.62 

MYSIDACEA 

9 

2.87 

5 

0.49 

STOMATOPODA 

— 

— 

1 

0.05 

ECHINOIDEA 

1 

1.43 

1 

3.99 

HOLOTHUROIDEA 

1 

0.02 

— 

— 

OPHIUROIDEA 

1 

0.04 

— 

— 

CRAETOGNATHA 

1 

0.20 

1 

0.10 

CEPHALOCHORDATA 

1 

0.30 

1 

0.10 

Total 

128 

100.00 

125 

100.00 

Table  13.  Percentage  composition  of  the  dominant  fauna  based  on 
numbers  of  animals  cumulatively  comprising  80  percent 
or  more  of  the  total  station  fauna  for  all  stations  for 
the  November  1974  and  November-December  1979  sampling 
periods . 


Station 


r~ 

2 

- 3 - 

* 

— ; — 

Species 

■S3 

■tarn 

ISO 

■HZ* 

imi 

roai 

HM 

BBS 

BBM 

NEMERTINEA 

Unidentified  sp. 

— 

— 

— 

— 

— 

— 

— 

2.03 

— 

NEMATODA 

Unidentified  sp. 

— 

14.67 

— 

— 

— 

3.64 

— 

— 

— 

2.23 

ANNELIDA 

OIZGOCHAETA 

Unidentified  spp. 

— 

— 

— 

8.04 

— 

— 

— 

3.71 

POLYCHAETA 

Brania  veldfleetensis 

— 

— 

— 

— 

— 

— 

— 

4.88 

Dispio  uncinata 

— 

— 

— 

— 

— 

4.06 

— 

— 

Sagelona  r iojai 

— 

— 

— 

— 

— 

— 

— 

— 

Paraonis  fulgens 

— 

— 

— 

25.00 

g&'OMflll 

— 

42.13 

— 

22.69 

Scolelepis  sguamata 

— 

55.24 

— 

4.02 

— 

1.31 

— 

— 

— 

— 

Scoioplos  foliosus 

— 

— 

— 

— 

— 

2.32 

— 

— 

— 

— 

Spio  pettibonoae 

— 

— 

— 

— 

— 

1.31 

— 

— 

— 

2.56 

Spiophanes  booby x 

— 

— 

— 

— 

— 

2.53 

— 

— 

— 

— 

MOLLUSCA 

BIVALVtA 

Cana  dalli 

— 

— 

— 

— 

— 

2.63 

— 

— 

— 

— 

Donax  texasianus 

64.37 

— 

68.53 

15.63 

— 

— 

— 

— 

— 

— 

Ervilia  concentrica 

— 

— 

— 

— 

6.41 

— 

— 

— 

— 

— 

Veneridae  sp. 

— 

— 

— 

— 

— 

1.62 

— 

— 

— 

— 

ARTHROPODA 

CRUSTACEA 

CUMACEA 

Manocutna  sp. 

— 

— 

— 

3 

-•» 

— 

— 

— 

— 

— 

— 

AMPHIPODA 

Acanthohaustorius  sp. 

— 

— 

— 

— 

40.16 

17.68 

47.26 

13.72 

20.54 

13.78 

Hauscorius  sp. 

37.59 

— 

24.37 

11.16 

— 

— 

— 

— 

— 

— 

Monoculodes  nyei 

— 

— 

— 

— 

— 

1.92 

— 

— 

— 

— 

Protohauscorius  n.  sp. 

— 

— 

— 

— 

6.06 

5.35 

— 

8.20 

13.58 

18.15 

Psoudohaustoti us  n.  sp. 

— 

— 

— 

— 

14.69 

3.74 

11.75 

10.31 

20.20 

13.61 

ANOMURA 

Enter ita  talpoiia 

— 

7.43 

— 

— 

— 

— 

— 

— 

— 

— 

BRACHYURA 

Pinnixa  rec  mens 

— 

— 

— 

4.91 

— 

— 

— 

— 

— 

— 

MYSIDACEA 

Botmaniella  spp. 

— 

— 

— 

11.38 

— 

— 

— 

— 

— 

My sidopsis  'oahia 

— 

5.90 

— 

— 

— 

— 

— 

— 

— 

— 

ECHINODERMATA 

ECHINOIDEA 

Mellita  'juinguiesperforata 

— 

— 

-- 

— 

-- 

2.12 

-- 

-- 

— 

— 

CEPHALOCHORDATA 

Branchiostoina  flondae 

— 

— 

— 

— 

17.45 

— 

23.11 

— 

27.16 

— 

Total 

91 .96 

83.24 

92.90 

84.16 

84.77 

80.82 

82.12 

80. 45 

82.48 

81.02 

No.  of  species 

2 

4 

2 

8 

5 

15 

3 

6 

-1 

8 

36 


Table  14.  Percentage  composition  of  the  dominant  fauna  based  on  numbers 
of  animals  cumulatively  comprising  80  percent  or  more  of  the 
total  station  fauna  for  control  sites  CA  and  CB  for  the  1974- 
75,  1979-80  studies,  and  the  borrow  sites  B1  and  B2  for  the 
1979-80  study. 


_ Station 

Control  CA 

1  Control  CB 

■B-rmw 

Control  CB 

Li  LCD 

Borrow 

site  B2 

Nov.- 

Nov.- 

Nov.- 

Nov.- 

Nov. 

Dec. 

Nov. 

Dec. 

May 

Dec. 

Dec. 

Hey 

Species 

1974 

1979 

1874 

1979 

1975 

KBS 

1979 

1980 

NEMERTTNEA 

■I 

Unidentified  ap. 

— 

— 

— 

1.86 

2.34 

2.% 

• 

— 

_ 

_ 

_ 

NEMTAODA 

Unidentified  9pp. 

— 

6.82 

— 

21.93 

2.34 

4.44 

_ 

_ 

_ 

PHORONIBA 

Phorotii a  architects 

— 

— 

— 

— 

— 

_ 

_ 

_ 

_ 

_ 

ANNELIDA 

QLIGOCHAETA 

Unidentified  sp. 

17.05 

4.55 

7.59 

13.75 

1.67 

— 

_ 

_ 

_ 

_ 

POLYCHAETA 

A rmandia  maculata 

— 

— 

4.64 

— 

6.02 

_ 

6.98 

2.11 

— 

— 

_ 

drama  ciavata 

— 

— 

— 

2.97 

— 

— 

— 

— 

— 

— 

— 

— 

Srania  weilfjeetensi* 

— 

3.41 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Mepelooa  riojai 

— 

3.41 

— 

— 

— 

— 

— 

— 

— - 

— 

— 

— 

ttynochmlm  oculata 

— 

— 

— 

— 

— 

14.07 

— 

— 

— 

— 

— 

— 

.Vephtys  pict e 

— 

— 

— 

2.34 

8.89 

— 

2.46 

— 

5.80 

— 

12.28 

Nereis  sp. 

— 

2.27 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Ophelia  sp. 

— 

— 

2.80 

— 

— 

■ 

— 

— 

— 

— 

— 

— 

Pereomdea  lyre 

14.73 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Paraonis  ful  yens 

— 

3.41 

— 

5.95 

— 

3.70 

— 

— 

49.46 

— 

— 

7.02 

Pare  pxi  onoa  pi  o  pi  ana  ta 

13.18 

— 

4.22 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Phyllodoca  sp. 

— 

— 

— 

1.67 

— 

— 

— 

— 

— 

— 

— 

Pnonoapio  crista ta 

36.43 

56.54 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Scolmlapia  squama  ta 

— 

— 

— 

— 

— 

— 

— 

— 

4.35 

— 

— 

— 

Scolalapia  taxana 

— 

— 

— 

— 

1.67 

— 

— 

— 

— 

— 

— 

— 

Scoloplos  folioaux 

— 

2.27 

— 

— 

— 

— 

— 

— 

— 

— 

— 

Spio  peetxboneae 

— 

— 

— 

— 

3.01 

— 

6.40 

— 

— 

— 

— 

Spiophanes  hc*6yx 

— 

6.82 

— 

2.97 

14.05 

— 

8.43 

2.11 

— 

5.80 

— 

— 

MOLUISCA 

GASTROPODA 

Satica  pusilla 

— 

2.27 

— 

— 

— 

— 

— 

— 

— 

— 

Ohvwlla  daalbata 

— 

4.55 

— 

— 

— 

— 

— 

— 

— 

Oliva  ap. 

— 

3.41 

— 

— 

— 

— 

— 

— 

_ 

— 

BIVALVIA 

■ 

■ 

Ervilia  concantrica 

— 

— 

— 

— 

— 

4.44 

— 

— 

— 

— 

Pi  tax  simpmoni 

— 

— 

— 

— 

— 

— 

— 

34.51 

— 

— 

— 

— 

Tmllina  varaicolor 

— 

— 

— 

— 

— 

2.96 

— 

— 

— 

4.34 

— 

— 

ARTHROPOD A 

CRUSTACEA 

CUMACEA 

Cyclaapi*  variant 
AMPNIPODA 

-- 

- 

- 

__ 

- 

2.22 

- 

- 

- 

- 

- 

- 

Acanthohauaeorius  sp. 

— 

2.27 

— 

— 

2.68 

— 

4.65 

— 

— 

4.34 

11.58 

19.30 

Nonocuiodes  nyei 

— 

— 

— 

1.86 

— 

2.22 

— 

3.52 

9.78 

23.19 

13.68 

15.79 

Protohaus tonus  n.  sp. 
Pseudoha us tori  us 

— 

15.91 

— 

5.95 

19.40 

26.67 

29.07 

11.62 

— 

— 

— 

— 

n.  sp. 

Paaodopl a c y i achnopua 

4.55 

— 

— 

— 

— 

— 

19.02 

18.84 

55.79 

— 

n.  sp. 

— 

7.95 

— 

15.24 

— • 

7.41 

— 

12.32 

— 

— 

— 

— 

COP EPODA 

Unidentified  sp. 
BRACHYURA 

- 

- 

- 

9.29 

- 

- 

- 

- 

- 

- 

- 

- 

Diaaodactylua 
i aelliteo 
Pixuiocheridee 

- 

- 

- 

- 

- 

- 

- 

- 

5.80 

- 

- 

»p.  (juv.) 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

— 

8.77 

CAR  IDEA 

Proceeds  heephiili 

— 

— 

— 

— 

2.34 

— 

— 

— 

— 

— 

— 

ECHINODERMATA 

ECHINOIDEA 

Nelli ta  yuinyuies- 

perforate 

— 

3.41 

— 

— 

- ■ 

2.96 

— 

1.76 

— 

17.39 

— 

21.05 

Unidentified  sp. 

— 

— 

— 

— 

3.68 

— 

— 

— 

— 

— 

— 

— 

CEPHAL0CH01U3ATA 

dranchl  oa  coma  floridaa 

— 

4.22 

— 

19.73 

— 

21.51 

— 

— 

— 

Total 

81.01 

81.77 

82.94 

82.9  4 

80.53 

SO. 97 

82.61 

85.50 

81.05 

84.21 

No.  of  species 

n 

6 

10 

14 

12 

7 

10 

4 

8 

3 

6 

37 
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Table  15.  Percentage  composition  of  the  dominant  fauna  based  on  numbers  of 
animals  comprising  80  percent  or  more  of  the  total  stat  .on  fauna 
for  all  stations  for  the  May  1975  and  1980  sampling  periods. 


|  Station 

1  1  1 

1  2  1 

3  1 

1  5 

Species 

1975 

1980 

1975 

1980 

1975 

1980 

da 

TEEM 

IHM 

NEMERTINEA 

Unidentified  spp. 

— 

— 

— 

— 

— 

— 

— 

— 

3.26 

NEMATODA 

Unidentified  spp. 

— 

— 

— 

— 

— 

— 

— 

— 

— 

3.15 

ANNELIDA 

POLYCHAETA 

Armandia  macula ta 

— 

— 

— 

— 

— 

— 

— 

— 

— 

1.57 

Dispio  uncinate 

— 

— 

— 

— 

— 

2.61 

— 

3.26 

— 

— 

Hagalona  liojai 

— 

— 

— 

— 

— 

3.96 

— 

— 

3.27 

— 

Naphtys  piece 

— 

— 

— 

— 

— 

4.50 

— 

6.15 

— 

7.09 

Paraonis  fulgens 

— 

— 

— 

26.80 

— 

10.09 

— 

42.41 

2.92 

17.89 

Scolmlapis  squama ta 

57.30 

90.22 

— 

20.53 

— 

— 

— 

— 

— 

— 

Spio  pettiboneaa 

— 

— 

— 

— 

— 

— 

— 

— 

12.36 

— 

Spiophanaa  bcaby x 

— 

— 

— 

— 

— 

10.36 

— 

— 

2.97 

3.94 

MOLLOSCA 

BIVALVIA 

Cune  dalli 

— 

— 

— 

— 

— 

2.25 

— 

— 

— 

— 

Dona x  taxasianus 

38.29 

— 

80.85 

13.63 

50.78 

— 

38.06 

— 

— 

— 

ARTHROPODA 

CRUSTACEA 

ISOPODA 

Chiridotaa  axcavata 

— 

— 

— 

— 

— 

— 

— 

3.14 

— 

3.26 

AMPHIPODA 

Acantbohaustorius  sp. 

— 

— 

— 

18.69 

23.35 

8.29 

38.20 

8.03 

28.92 

3.15 

Pajrahaustorius  n.  sp. 

— 

— 

— 

3.13 

— 

— 

— 

— 

— 

— 

Protohaustorius  n.  sp. 

— 

— 

— 

— 

9.12 

12.61 

7.45 

9.28 

25.19 

28.12 

Psaudohaus tori  us  n.  sp. 

— 

— 

— 

— 

— 

5.32 

— 

— 

6.24 

4.16 

Psaudoplatyi schnopus  n.  spp. 

— 

— 

— 

— 

— 

— 

— 

— 

— 

3.60 

MACRURA 

Callianassa  sp. 

— 

— 

— 

— 

— 

3.78 

— 

— 

— 

1.46 

BRACHYURA 

Dissodactylua  mallitaa 

— 

— 

— 

— 

— 

2.61 

— 

— 

— 

— 

Pinnotharidae  sp.  (Juv.) 

— 

— 

— 

— 

— 

— 

— 

4.27 

— 

— 

ECHINODERMATA 

ECHINOIDEA 

Mmllita  quinquieaporforata 

— 

— 

— 

— 

— 

15.05 

— 

3.51 

— 

— 

Total 

95.59 

90.22 

80.85 

82.78 

83.25 

81.43 

83.71 

80.05 

81.87 

80.65 

No.  of  species 

2 

1 

1 

5 

3 

12 

3 

8 

7 

12 

I 

L 


38 


Table  16.  Coaparlaoa  of  specie*  richness  (number  of  species) 
between  November  1974  and  November-December  1979 
for  all  stations. 


Table  17.  Comparison  of  species  richness  (number  of  species) 
between  May  1973  and  May  1980  for  all  stations. 
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Table  14  presents  the  dominant  species  data  for  borrow  sites  B1  and 
B2  for  both  the  November -Dec ember  and  May  samplings.  Both  stations 
exhibited  relatively  high  levels  of  oligomixity  in  November-December  with 
more  than  80  percent  of  fauna  represented  by  only  four  species  (site  Bl) 
and  three  species  (site  B2) .  The  faunal  distribution  improved  significantly 
by  May  with  the  number  of  species  representing  more  than  80  percent  of  the 
fauna  doubling  for  each  site. 


Faunal  composition  between  corresponding  stations  of  the  nine  transects 
did  not  vary  substantially  for  either  sampling  period.  Examination  of  the 
composite  lists  and  faunal  counts  (App.  B,  Tables  B-l  and  B-2)  shows  that 
species  numbers  varied  little  between  stations.  Faunal  counts  showed  some 
variation  between  corresponding  stations.  However,  the  largest  variations 
were  usually  due  to  a  greater  or  lesser  abundance  of  a  dominant  species. 

The  overall  pattern  of  faunal  composition  is  dominance  by  several  species 
over  all  corresponding  stations  with  "rare"  species  distributed  rather 
uniformly  over  all  stations. 


(2)  Species  Richness.  The  number  of  species  found  at  each  station 
is  presented  in  Tables  16  and  17  for  November-December  and  May,  respectively. 
Species  richness  ranged  from  6  to  39  species  (stations  7-1  and  CB)  for 
November-December  and  4  to  43  species  (stations  9-1  and  CB)  for  May. 

Generally,  the  number  of  species  increased  with  increasing  distance  from 
shore  for  both  sampling  periods.  Control  stations  CA  and  CB  exhibited 
the  greatest  number  of  species  for  both  sampling  periods.  The  borrow  sites 
generally  had  species  numbers  comparable  to  stations  2  or  3  of  the  transects. 
Overall,  there  was  relatively  little  variation  in  species  numbers  between 
comparable  stations  of  the  nine  transects  (see  Tables  16  and  17) . 


(3)  Faunal  Density.  For  the  November-December  sampling  period  faunal 
density  ranged  from  192  organisms  per  square  meter  at  station  1  on  transect 
4  to  4,912  organisms  per  square  meter  at  station  4  on  transect  8.  For  May 
the  density  ranged  from  336  organisms  per  square  meter  at  station  1  on 
transect  8  to  6,064  organisms  per  square  meter  at  station  1  on  transect  1. 
Faunal  density  estimates  for  all  stations  are  listed  in  Tables  18  and  19. 

Faunal  densities  for  stations  1,  2,  3,  CA  and  CB  were  generally  greatest  in 
May  with  the  exceptions  of  stations  2-1,  8-1,  9-1,  1-2,  6-3  and  7-3,  which 
exhibited  the  greatest  densities  in  November-December.  Stations  4,  5  and 
the  borrow  sites  Bl,  B2  had  the  highest  faunal  densities  in  November- 
December  with  the  exceptions  of  stations  2-4,  3-4,  9-4,  2-5,  3-5,  and  4-5 
having  greater  numbers  in  May.  Overall,  the  nearshore  stations  and  CA  and 
CB  exhibited  greater  faunal  densities  in  May  than  November-December  with 
the  offshore  stations  and  borrow  sites  having  greatest  densities  in 
November-December.  Variation  among  corresponding  stations  over  the  nine 
transects  was  largest  when  the  faunal  densities  were  greatest  (e.g.,  varia¬ 
tions  in  faunal  density  for  stations  1,  2  and  3  were  largest  in  May, 
corresponding  to  greatest  faunal  densities). 
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Table  18.  Comparison  of  faunal  density  (number  of  organisms  per  square 
meter)  between  November  1974  and  November-Dee  ember  1979  for 
all  stations. 
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Table  19.  Comparison  of  faunal  density  (number  of  organisms  per  square 
meter)  between  May  1975  and  May  1980  for  all  stations. 


(4)  Species  Diversity  and  Equitability .  Species  diversity  (Shannon- 
Weaver  H')  and  equitability  values  CPielou’s  J')  are  presented  in  Table  20 
(November-December  1979)  and  Table  21  (Jlay  1980) .  Diversity  values  ranged 
from  0.47  to  3.22  (stations  1-1  and  CA)  for  November-December  and  0.15  to 
'2.85  (stations  1-1  and  2-3)  for  May.  For  transect  stations  1,  2,  and  3  and 
stations  CA  and  CB,  diversity  values  generally  decreased  from  November- 
December  to  May.  Transect  stations  4  and  5  showed  the  least  amount  of 
seasonal  change.  Borrow  sites  B1  and  B2  were  unusual  in  exhibiting  a  pro¬ 
nounced  increase  in  diversity  from  November-December  to  May.  Diversity 
values  for  transect  stations  1  and  2  were  generally  much  lower  than  all 
other  stations,  for  both  sampling  periods.  Station  4  exhibited  lower 
diversity  values  than  stations  3  or  5. 


Equitability  values  were  generally  quite  high  (>0.60)  with  the  exception 
of  transect  station  1,  indicating  a  relatively  low  level  of  oligomixity 
within  the  study  area. 


Table  22  lists  values  for  Simpson's  diversity  index  (X)  for  transect 
stations  1  to  5  for  all  nine  transects,  as  well  as  stations  CA  and  CB  and 
borrow  sites  B1  and  B2.  In  this  case  a  low  X  value  indicates  a  high 
diversity.  This  measure  shows  the  trends  illustrated  in  Tables  20  and  21, 
i.e.,  stations  1  and  4  have  the  lowest  diversities,  with  diversity  increas¬ 
ing  slightly  at  the  offshore  stations. 


b.  Comparison  of  Faunal  Parameters  to  Saloman's  (1976)  Study.  Compari¬ 
sons  of  the  species  and  number  of  individuals  collected  for  all  47  stations 
between  the  present  study  (1979-80)  and  Saloman's  study  (1974-75)  are  given 
in  Appendix  C.  The  major  differences  are  given  below. 


(1)  Species  Richness.  For  November-December  comparisons  the  number 
of  species  collected  at  each  station  was  greater  in  1979  than  in  1974,  with 
the  exception  of  station  1-5,  with  16  species  collected  during  both  studies 
(Table  16).  For  May  comparisons,  29  stations  exhibited  more  species  during 
1980,  17  exhibited  less,  and  1  remained  the  same  (Table  17) .  The  number  of 
species  at  a  station  (averaged  over  9  transects  for  stations  1  to  5)  is  de¬ 
picted  in  Figure  9  (November-December)  and  Figure  10  (May) . 


(2)  Faunal  Density.  For  November-December  comparisons  faunal  densi¬ 
ties  were  mostly  greater  in  1979  than  1974  (35  stations  with  faunal  densities 
in  1979  greater  than  1974,  12  less  than  1974;  see  Table  18).  For  May  the 
faunal  densities  were  always  higher  in  1975  than  1980  (Table  19).  This  was 
primarily  caused  by  the  extreme  abundance  of  some  species  in  1975:  the  bivalve 
Donax  texasianus  (stations  1  to  4)  and  the  amphipods  Aaanthohaustorius  sp. 
(stations  3,  4,  and  5)  and  Protohaustorius  n.  (stations  3,  4,  and  5).  Faunal 
density  comparisons  for  each  station  (averaged  over  9  transects  for  stations 
1  to  5)  are  exhibited  in  Figure  9  (November-December)  and  Figure  10  (May) . 
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Table  20.  Comparisons  of  equitability  values  (Plelou’s  J')  and  Shannon-Weaver 
diversity  values  (H')  between  the  November  1974  (Salooan,  1976) 
sampling  and  the  Noveober-December  1979  collections. 


Equitability 

Diversity 

Equitability 

Diversity 

Pielou 

's  J' 

Shannon- 

-Weaver  H' 

Pielou 

s  J' 

Shannon* 

-Weaver  H* 

.  Station 

1974 

1979 

1974 

1979 

Station 

1974 

1979 

1974 

1979 

i-i 

1.001 

0.22 

mm 

0.47 

1-2 

0.92 

0.64 

1.01 

1.48 

2-1 

0.87 

0.44 

■sH 

0.91 

2-2 

0.96 

0.63 

1.06 

1.31 

3-1 

0.81 

0.64 

1.58 

3-2 

0.54 

0.79 

0.75 

1.65 

4-1 

0.73 

0.97 

0.80 

2.14 

4-2 

0.61 

0.87 

0.42 

1.92 

5-1 

0.47 

0.81 

0.33 

1.68 

5-2 

0.98 

0.86 

0.68 

2.07 

6-1 

0.80 

0.75 

0.88 

1.55 

6-2 

0.62 

0.91 

1.10 

2.41 

7-1 

0.88 

0.69 

0.61 

1.23 

7-2 

0.76 

0.80 

0.84 

1.85 

8-1 

0.87 

0.71 

0.96 

1.38 

8-2 

0.39 

0.81 

0.27 

2.13 

9-1 

0.99 

0.66 

0.69 

1.38 

9-2 

0.77 

0.84 

0.54 

2.02 

X 

0.82 

0.65 

0.64 

1.37 

X 

0.73 

0.79 

0.74 

1.87 

Std. 

dev. 

0.16 

0.22 

0.32 

0.48 

Std.  dev. 

0.20 

0.10 

0.29 

0.34 

1-3 

0.70 

1.64 

1.80 

1-4 

0.72 

0.65 

1.29 

1.76 

2-3 

0.75 

0.79 

1.93 

2.32 

2-4 

0.76 

0.75 

1.36 

2.26 

3-3 

0.63 

0.81 

1.63 

2.53 

3-4 

0.68 

0.80 

1.80 

2.22 

4-3 

0.76 

0.76 

1.95 

2.14 

4-4 

0.64 

0.52 

1.52 

1.64 

5-3 

0.70 

0.84 

2.02 

2.70 

5-4 

0.62 

0.78 

1.49 

2.29 

6-3 

0.58 

0.57 

1.68 

1.53 

6-4 

0.58 

0.54 

1.22 

1.38 

7-3, 

0.71 

0.71 

1.83 

2.37 

7-4 

0.55 

0.90 

0.88 

2.64 

8-3 

0.56 

0.88 

1.43 

2.54 

8-4 

0.58 

0.32 

1.21 

0.96 

9-3 

0.65 

0.80 

1.56 

•  2.53 

9-4 

0.69 

0.81 

1.65 

2.57 

X 

0.67 

0.76 

■El 

2.27 

X 

0.65 

0.67 

1.38 

1.97 

Std. 

dev. 

0.07 

0.09 

0.39 

Std.  dev. 

0.07 

0.18 

0.27 

0.57 

1-5 

0.62 

1.86 

1.75 

Control 

sites 

2-5 

0.62 

0.83 

1.58 

2.49 

C  A 

0.71 

0.90 

1.92 

3.22 

3-5 

0.88 

0.81 

2.26 

2.31 

C  B 

0.58 

0.74 

1.90 

2.71 

4- 5 

5- 5 

6- 5 

0.75 

0.79 

0.66 

0.84 

0.64 

0.64 

1.56 

2.09 

1.75 

2.09 

1.97 

2.17 

Std.  dev. 

0.65 

0.09 

0.82 

0.11 

1.91 

0.01 

2.97 

0.36 

7-5 

0.82 

0.67 

1.71 

2.04 

Borrow  sites 

8-5 

0.70 

0.78 

1.26 

2.56 

B  1 

- 2 

0.59 

— 

1.79 

9-5 

0.75 

0.61 

1.45 

1.83 

B  2 

— 

0.60 

— 

1.62 

■ 

0.74 

0.72 

2.13 

X 

0.60 

1.71 

Q 

0.08 

0.10 

Ba 

0.28 

Std.  dev. 

0.01 

0.12 

10nly  one  species  at  this  station. 
2 No  comparable  data. 
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Table  22.  Comparison  of  species  diversity  (Simpson's  X)  and  faunal 
similarity  (Morisita's  CA)  values. 


Station 

Simpson' 

s  X 

Morisita's  CX 

Nov. 

1974 

Nov. -Dec. 
1979 

May 

1975 

Nov. 

1974-1979 

May 

1975-1980 

1 

0.48 

0.82 

0.05 

0.82 

2 

■ 

0.66 

0.17 

0.44 

0.31 

3 

1 

0.32 

0.08 

0.51 

0.19 

4 

0.29 

0.22 

0.30 

0.21 

0.33 

0.22 

5 

0.18 

0.13 

0.17 

0.13 

0.53 

0.61 

Control  sites 

C  A 

0.20 

0.05 

0.10 

0.11 

0.11 

0.55 

C  B 

0.33 

0.11 

0.15 

0.16 

0.09 

0.26 

Borrow  sites 

B  1 

_ 1 

0.29 

— 

0.12 

B  2 

— 

0.34 

— 

0.13 

Borrow 

and  control  sites 

B  1  to 

B 

2 

0.39 

0.81 

B  1  to 

C 

A 

0.25 

0.66 

B  1  to 

C 

B 

0.18 

0.26 

B  2  to 

C 

A 

0.27 

0.54 

B  2  to 

C 

B 

0.05 

0.18 

1  No  comparable  data. 

(3)  Species  Composition.  An  examination  tfc  the  tables  in  Appendix 
C  and  Tables  13,  14,  and  15  shows  that  there  is  a  gre%t  deal  of  difference 
between  the  community  composition  of  1974-75  and  1979-80.  A  superficial 
examination  of  Tables  13,  14,  and  15  indicates  that  at  most  of  the  stations 
the  dominant  species  have  changed.  However,  a  more  detailed  look  at  the  com¬ 
posite  species  lists  for  1979-80  (see  App.  B)  and  the  1974-75  list  (Saloman, 
1976)  indicates  that  few  species  were  unique  to  either  study.  Not  evident 
from  the  data  in  these  tables  is  the  fact  that  nearly  all  the  species  reported 
for  this  study  were  also  reported  by  Saloman  (1976),  although  not  for  corre¬ 
sponding  sampling  periods. 

(4)  Species  Diversity  and  Equitability.  Overall,  the  species 
diversity  for  the  1979-80  data  was  higher  than  for  the  1974-75  data  (Tables 
20  and  21).  This  is  because  the  total  number  of  species  collected  at  most 
stations  was  greater  in  1979-80.  Equitability  was  also  somewhat  higher  for 
the  present  study,  although  not  as  marked  as  species  diversity.  This  indi¬ 
cates  that  although  there  were  more  species  collected  during  the  two  sampling 
periods  of  the  present  study,  the  evenness  of  the  species  distributions  was 
comparable  for  both  studies. 

(5)  Faunal  Similarity.  Morisita's  index  of  faunal  similarity  was 
used  to  compare  the  1979-80  and  1974-75  data  by  station  (Table  22).  As  can 
be  seen,  the  level  of  similarity  based  on  the  number  of  species  in  common 
and  their  relative  proportions  is  quite  low  for  all  comparisons  except 
station  1  versus  1  for  May  and  borrow  site  1  versus  2  for  May. 
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IV.  DISCUSSION 


1.  Study  Design  Restrictions. 

The  accuracy  of  the  data  collected  and  the  validity  of  its  interpre¬ 
tation  are  dependent  upon  the  adequacy  of  the  study  design.  In  order  to 
properly  assess  the  environmental  impact  of  the  beach  nourishment  program 
three  components  are  necessary:  (a)  quantitative  prenourishment  base-line 
information;  (b)  immediate  and  short-term  impact  determinations;  and  (c)  a 
long-term  effects  study.  Components  (a)  and  (Ij)  have  been  addressed  by  other 
investigators  (Saloman,  1976;  Saloman,  Naughton  and  Taylor,  in  preparation, 
1982)  and  component  (c)  has  been  addressed  by  this  report.  The  adequacy  of 
the  sampling  design  used  for  this  study  is  discussed  in  Appendix  D. 

2.  General  Characterization  of  Abiotic  Parameters. 

Values  for  temperature,  salinity,  and  dissolved  oxygen  observed  in 
this  study  can  be  considered  typical  for  nones tuarine  northern  Gulf  of 
Mexico  waters.  The  seasonal  variations  recorded  for  this  study  correspond 
well  with  those  observed  by  Saloman  (1976) .  Salinity  and  temperature  were 
essentially  uniform  throughout  the  sampling  area,  and  dissolved  oxygen  varied 
only  slightly.  Several  rainstorms  occurred  during  sampling,  and  small  changes 
of  salinity  and  water  temperatures  were  detected  at  the  nearshore  stations 
and  surface  offshore  waters.  These  variations  were  generally  small  and 
short  lived  due  to  the  active  mixing  of  waters  in  the  surf  and  nearshore 
zones.  Saloman,  Naughton,  and  Taylor  (in  preparation,  1982)  noted  seasonal 
fluctuations  in  salinities  that  indicated  an  estuarine  influence  of  St. 
Andrew  Bay  on  some  stations,  possibly  affecting  recruitment  in  an  unpredict¬ 
able  manner.  Temperature  extremes  from  winter  to  summer  probably  influence 
community  structure  by  dictating  reproductive  seasons,  but  the  relatively 
deep  nearshore  waters  act  to  dampen  rapid  changes  of  water  temperature. 

None  of  the  physical  parameters  observed  in  this  study  could  be  considered 
stressful  or  limiting  factors  for  faunal  diversity  or  abundance  within 
their  observed  ranges. 

The  sediments  within  the  study  area  are  very  similar  alongshore  and 
at  comparable  distances  from  shore.  Gorsline  (1966)  comments  on  the 
strikingly  uniform  textures  of  Florida's  west  coast,  but  also  notes  that 
there  are  specific  subtle  variations  in  specific  parts  of  the  beach.  More¬ 
over,  these  beach  zones  are  periodically  altered  in  ^ponse  to  surf 
conditions.  In  view  of  Gorsline 's  observations,  the  ferences  of  grain - 
size  parameters  from  1974-75  to  1979-80  (Tables  9  and  10)  could  be  attri¬ 
buted  to  small  changes  of  exact  sample  location.  The  most  notable  differ¬ 
ences  in  sediment  composition  were  among  the  percentages  of  silt-clay, 
organic  carbon,  and  carbonate.  However,  due  to  the  extremely  low  levels 
of  these  three  components,  the  differences  cannot  be  considered  biologically 
important  and  could  be  attributed  to  sampling  and  processing  variations. 

The  moderate  wave  energy  of  the  area,  together  with  the  relatively  steep- 
sloping  nearshore  zone,  has  resulted  in  a  surface  substrata  that  is  almost 
entirely  free  of  silt-clay  sized  particles  and  organic  detritus. 
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3.  General  Faunal  Characterization. 


The  fauna  of  the  nearshore  zone  is  relatively  rich  and  diverse.  The 
dramatic  difference  observed  in  species  numbers  and  faunal  densities  between 
corresponding  samplings  of  the  two  studies  (see  Figs.  9  and  10)  is  a  function 
of  the  normal  seasonal  variation  and  not  a  profound  alteration  of  community 
composition.  The  fauna  of  the  area  is  well  represented  by  the  major  inverte¬ 
brate  phyla.  The  following  14  species  that  were  the  dominant  fauna  for 
1974-75  were  also  well  represented  or  dominant  during  the  present  study:  the 
polychaetes  Dispio  u ncinata,  Magelona  riojai ,  Paraonis  fulgens ,  Sfolelepis 
squamata,  Spio  petti boneae ;  the  bivalves  Don ax  texasianus ,  Ervilia  concentsica 
the  cumacean  Mancocuma  sp.;  the  amphipods  Acanthohaurtorius  n.  sp., 

Haustorius  n.  sp.,  Protohaustorius  n.  sp.,  Pseudohaustorius  n.  sp.;  the 
anomuran  Emerita  talpoida  and  the  cephalochordate  Branchiostoma  floridae. 

Many  of  the  species  collected  during  this  and  Saloman's  (1976)  study  are  new 
and  not  yet  described  in  the  literature. 

Variations  of  species  numbers  and  faunal  densities  at  corresponding 
stations  of  the  nine  transects  were  observed,  but  there  were  no  discernible 
patterns  of  distribution.  The  abundance  of  dominant  species  was  nearly  always 
the  same  at  corresponding  stations  varying  only  in  their  relative  proportions. 

The  fauna  of  the  control  stations  CA  and  CB  generally  were  not  similar 
to  the  borrow  sites  B1  and  B2.  The  borrow  sites  exhibited  fewer  species  and 
lower  faunal  densities  than  the  control  site,  with  the  exception  of  November- 
December  when  CA  had  a  lower  faunal  density  (Figs.  9  and  10).  Patterns  of 
species  dominance  and  relative  proportions  of  dominant  species  were  also  dif¬ 
ferent  (Table  14).  Borrow  sites  seem  to  be  most  similar  to  transect  stations 
3  and  5.  These  differences  may  be  attributed  to  the  long-term  effects  of 
dredging  (i.e.,  possible  inhibition  of  recruitment  by  certain  species).  It 
should  be  noted  that  stations  CA  and  CB  are  not  totally  acceptable  controls 
for  comparative  purposes  due  to  the  large  spatial  separation  and  the  deeper 
depths  of  the  control  sites  (Fig.  1).  Also,  data  from  the  transect  stations 
have  shown  that  species  composition  and  faunal  densities  vary  with  distance 
from  shore.  Therefore,  dredging  effects  at  the  borrow  sites  are  unclear. 

4.  Sediment-Fauna  Relationships. 

Substratum  type  is  generally  considered  the  most  important  factor  influ¬ 
encing  the  distribution  of  benthic  organisms  (Peterson,  1913,  1915,  1918; 
Jones,  1956;  Thorson,  1957;  Sanders,  1958;  McNulty,  Work,  and  Moore,  1962; 
Buchanan,  1963;  Nichols,  1970;  Young  and  Rhoads,  1971;  Johnson,  1971;  Bloom, 
Simon,  and  Hunter,  1972;  Collard  and  D'Asaro,  1973;  Pearson,  1975;  Probert, 
1975;  Conner  and  Simon,  1979) . 

As  a  result  of  the  moderate  wave  energy  in  the  study  area,  the  near¬ 
shore  sediments  experience  an  almost  constant  agitation.  This  agitation 
is  reflected  In  the  type  of  fauna  inhabiting  the  substratum,  most  being 
active  burrowers.  or  crawlers  capable  of  reentering  the  sediments  quickly 
if  displaced.  There  were  no  species  present  which  require  a  permanent 
attachment  site  and  there  were  few  permanent  tube  dwellers.  There  were 
no  strong  statistical  corr relations  between  the  various  sediment  parameters 
(mean  grain  size,  percent  silt-clay,  organic  carbon)  and  faunal  parameters 
(number  of  species,  faunal  density).  Physical  processes  such  as  wave 
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Figure  10.  Graphic  comparison  of  numbers  of  species  and  faunal  densities 
between  May  1975  and  May  1980. 
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energy  and  longshore  currents  are  probably  responsible  for  the  distribu¬ 
tional  patterns  of  the  nearshore  fauna. 

5.  Comparison  of  Abiotic  and  Biotic  Parameters  Between  1979-80  and  1974-75. 

Temperature,  salinity,  sediment  grain-size  distribution,  organic  carbon, 
$nd  carbonate  content  showed  little  variation  between  1979-80  and  1974-75. 

The  borpow  sites  which  were  not  sampled  in  1974-75  showed  similarities  to 
the  control  stations  for  these  abiotic  parameters.  Apparently,  the  borrow 
pits  initially  filled  with  fine  sandy  sediments  including  elevated  levels  of 
silt-clay  (Saloman,  Naughton,  and  Taylor,  in  preparation,  1982).  However, 
based  on  current  data  the  borrow  pits  have  returned  to  a  texture  comparable 
to  surrounding  areas.  Moderate  wave  action  and  high  longshore  transport  rates 
(Balsillie,  1975)  probably  account  for  the  rapid  filling  of  the  borrow  pits. 

Although  community  parameters  (namely,  species  richness,  faunal  density, 
diversity,  and  equitability)  indicate  that  most  of  the  stations  had  a 
different  community  composition  in  1979-80  than  in  1974-75,  interpretation 
of  the  data  considering  seasonal  and  spatial  variations  indicates  that  the 
fauna  of  the  area  is  drawn  from  a  common  pool  of  "available"  species.  There¬ 
fore,  the  changes  in  community  composition  encountered  in  this  study  cannot 
be  attributed  to  beach  nourishment  activities.  Seasonal  variations  are 
known  to  be  significant  in  most  parts  of  the  Gulf  of  Mexico  and  adjacent 
estuarine  waters  (Livingston,  1976;  Livingston,  et  al.,  1976;  Simon,  1977; 
Mahadevan,  et  al.,  1977;  Culter,  et  al.,  1981). 

6.  Long-Term  Effects  of  Beach  Nourishment. 

Based  on  the  data  and  findings  of  this  study,  it  is  concluded  that  the 
beach  nourishment  program  conducted  during  1976  on  the  Panama  City  and 
adjacent  beaches  has  not  manifested  any  long-term  discernible  effects  on 
the  benthic  infauna  or  the  surface  nearshore  sediments. 

V.  SUMMARY  AND  CONCLUSIONS 

A  study  of  benthic  macrofauna  and  sediments  was  conducted  in  the  near¬ 
shore  zone  of  the  area  between  West  Pass  and  Philips  Inlet  at  Panama  City 
Beach,  Florida,  in  the  northeastern  Gulf  of  Mexico.  Samples  of  surface  sedi¬ 
ments  and  fauna  were  collected  from  28  November  to  1  December  1979  and  from 
19  to  23  May  1980.  Forty-seven  stations,  located  on  nine  east-west  transects, 
and  two  dredged  borrow  sites  were  sampled. 

Temperature,  salinity,  and  dissolved  oxygen  were  measured  at  each 
station  and  found  to  vary  seasonally.  There  was  very  little  spatial 
variation  of  these  parameters.  Temperature  ranged  from  16.5°  to  26.0° 

Celsius;  salinity  ranged  from  29.0  to  35.5  parts  per  thousand;  and  dissolved 
oxygen  ranged  from  4.8  to  8.6  parts  per  million.  Substrata  within  the  study 
area  consisted  of  fine  to  medium,  coarse  quartz  sands,  with  very  low  levels 
of  silt-clay,  percent  organic  carbon,  and  percent  carbonate.  The  abiotic 
parameters  collected  during  this  study  were  similar  to  Saloman 's  (1976) 
measurements.  Sediment  grain- size  parameters  were  also  generally  comparable, 
with  the  major  differences  occurring  in  percentages  of  silt-clay,  organic 
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carbon  and  carbonate.  These  differences  are  attributable  to  natural 
variations  as  well  as  sampling  and  processing  variability. 

The  greatest  numbers  of  species  were  found  in  May  at  the  stations 
seaward  of  the  second  sandbar.  Faunal  density  was,  on  the  average, 
greatest  during  November-December  at  stations  4  and  5,  with  all  other 
stations  exhibiting  greatest  densities  during  May.  The  benthic  fauna  was 
well  represented  by  the  major  invertehxate  types  with  polychaetes, 
crustaceans  and  bivalves  being  dominant.  The  most  abundant  organisms 
were  generally  active  burrowing  and  crawling  types.  Diversity  and 
equitability  values  were  lowest  at  stations  influenced  by  wave  action 
(stations  1,  surf  zone;  2,  first  sandbar;  4,  second  sandbar)  and  highest 
at  stations  3,  5,  CA  and  CB  (3,  between  first  and  second  sandbar;  5,  CA 
and  CB  beyond  second  sandbar).  Diversity  values  ranged  from  0.15  to  3.22 
with  the  highes-  values  generally  occurring  in  November-December. 

The  fauna  and  community  parameters  of  the  present  study  were  compared 
to  Saloman's  (1976)  study.  It  was  determined  that  the  communities  of  1979-80 
were  different  from  the  communities  of  1974-75,  but  that  this  variation 
could  be  attributed  to  temporal  fluctuations. 

Borrow  sites  B1  and  B2  were  found  to  have  lower  species  richness  and 
faunal  densities  than  stations  CA  and  CB  for  both  sampling  periods,  with 
the  exception  of  station  CA,  which  had  a  lower  faunal  density  in  November- 
December.  The  borrow  sites  also  exhibited  lower  diversity  and  equitability 
than  stations  CA  and  CB  for  both  sampling  periods.  Overall,  the  borrow 
sites  seemed  to  be  most  similar  to  transect  stations  3  and  5. 

The  Morisita's  index  of  faunal  similarity  was  used  to  compare  the 
station  data  for  the  1979-80  and  1974-75  studies.  Only  two  highly  similar 
comparisons  were  found:  station  1  for  the  May  1980  collections  and 

borrow  sites  B1  versus  B2  for  May  1980. 

No  long-term  adverse  environmental  effects  as  a  result  of  beach 
nourishment  could  be  detected  within  the  nearshore  zone  of  the  Panama 
City  beaches.  There  were  also  no  adverse  or  stressful  conditions  present 
at  the  borrow  sites.  These  conclusions  are  based  on  the  analysis  of  benthic 
macro infauna  and  surface  sediment  analyses  for  November-December  1979  and 
May  1980  and  the  comparison  of  these  data  to  Saloman's  (1976)  study. 
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APPENDIX  A 


PARTICLE-SIZE  DISTRIBUTION  DATA 


Table  A-l.  Particle-size  analysis,  percentage  composition  of  one  phi 

size  intervals,  for  the  November-December  1979  collections. 


Size  class 

Particle 
Size  (mn) 

Phi  (jh 
Value 

PERCENTAGE  COMPOSITION 
Transects  1-9,  Station 

1-1 

2-1 

3-1 

4-1 

5-1 

6-1 

7-1 

8-1 

9-1 

Gravel 

>2.0 

<-l 

3.56 

0.03 

0.04 

0.04 

0.05 

0.02 

0.00 

0.13 

0.02 

Very  coarse  sand 

1.0 

0 

2.19 

0.20 

0.59 

0.14 

0.90 

0.24 

0.37 

0.54 

1.98 

Coarse  sand 

0.5 

1 

16.45 

4.58 

10.42 

11.10 

7.69 

9.60 

19.02 

19.60 

22.55 

Medium  sand 

0.25 

2 

37.89 

44.90 

54.28 

59.57 

43.62 

54.54 

69.67 

68.92 

60.00 

Fine  sand 

0.125 

3 

39.57 

50.07 

34.47 

29.07 

47.60 

35.48 

10.87 

10.70 

15.37 

Very  fine  sand 

0.063 

4 

0.31 

0.20 

0.18 

0.10 

0.13 

0.14 

0.05 

0.03 

0.07 

Silt-clay 

'•0.063 

>  4 

0.03 

0.03 

0.02 

0.02 

0.01 

0.01 

0.01 

0.00 

0.01 

Transects 

1-9,  Station 

1-2 

2-2 

3-2 

4-2 

5-2 

6-2 

7-2 

8-2 

9-2 

Gravel 

>2.0 

<-l 

0.06 

0.01 

0.03 

0.00 

0.05 

0.00 

0.00 

0.00 

Very  coarse  sand 

1.0 

0 

0.36 

0.13 

0.03 

0.18 

0.38 

0.13 

0.09 

0.10 

0.13 

Coarse  sand 

0.5 

1 

4.64 

4.27 

0.06 

3.09 

5.81 

1.64 

3.17 

2.70 

1.17 

Medium  sand 

0.25 

2 

37.18 

41.48 

32.17 

41.48 

40.81 

34.81 

59.22 

47.02 

37.59 

Fine  sand 

0.125 

3 

57.45 

53-89 

67.37 

52.33 

62.73 

37.44 

49.88 

60.62 

Very  fine  sand 

0.063 

4 

0.30 

0.21 

0.34 

0.23 

0.60 

0.63 

0.08 

0.21 

0.4° 

Silt-clay 

••0.063 

>  4 

0.02 

0.01 

0.02 

0.01 

0.01 

0.03 

0.00 

0.00 

0.00 

Transects 

1-9,  Station 

1-3 

2-3 

3-3 

4-3 

5-3 

6-3 

7-3 

8-3 

9-3 

Gravel 

•2.0 

<-l 

0.19 

0.01 

0.28 

0.01 

0.10 

0.00 

0.01 

0.08 

0.11 

Very  coarse  sand 

1.0 

0 

0.72 

0.12 

0.34 

0.06 

0.33 

0.03 

0.41 

1.71 

0.22 

Coarse  sand 

0.5 

1 

6.85 

1.23 

3.30 

1.17 

4.21 

0.51 

7.30 

15.26 

1.68 

Medium  sand 

0.25 

2 

26.96 

29.28 

26.51 

14.88 

25.86 

14.12 

47.56 

46.77 

28.16 

Fine  sand 

0.125 

3 

64.36 

68.65 

68.54 

81.42 

68.41 

84.65 

44.41 

35.99 

68.86 

Very  fine  sand 

0.063 

4 

0.92 

0.70 

1.02 

2.46 

1.06 

0.68 

0.28 

0.16 

0.96 

Silt-clay 

<0.063 

•  4 

<0.01 

0.01 

0.03 

0.00 

0.01 

0.01 

0.03 

0.02 

0.01 

Transects 

1-9,  Station 

4 

i-« .. 

2-4 

3-4 

4-4 

5-4 

6-4 

7-4 

8-4 

9-4 

Gravel 

>2.0 

•  -1 

0.04 

0.02 

0.14 

0.00 

0.01 

0.00 

0.00 

0.22 

0.00 

Very  coarse  sand 

1.0 

0.09 

0.27 

0.14 

0.03 

0.33 

0.10 

0.54 

0.36 

0.21 

Coarse  sand 

0.5 

1 

a  46 

4.42 

2.86 

0.49 

5.27 

0.63 

4.90 

5.35 

1.83 

Medium  sand 

0.25 

2 

.34 

26.55 

21.82 

6.11 

22.99 

6.18 

31.61 

32.52 

21.45 

Fine  sand 

0.125 

3 

99.73 

67.55 

72.78 

90.46 

70.32 

90.25 

56.82 

60.93 

75.23 

Very  fine  sand 

0.063 

4 

3.32 

1,44 

2.2*. 

2.90 

1.07 

2.82 

6.10 

0.59 

1.26 

Silt-clay 

•0.063 

>  4 

0.02 

0,00 

0.02 

0.01 

0.01 

0.01 

0.04 

0.03 

gfffl 

Transects 

1-9,  Station 

5 

1-5 

2-5 

3-5 

4-5 

5-5 

6-5 

7-5 

8-5 

9-5 

Gravel 

>2.0 

<-l 

0.18 

0.04 

0.00 

0.01 

0.03 

0.03 

0.00 

0.04 

0.05 

Very  coarse  sand 

1.0 

0 

0.80 

0.17 

0.21 

0.46 

0.21 

1.00 

0.84 

0.27 

0.17 

Coarse  sand 

0.5 

1 

3.93 

4.67 

1.99 

4.74 

1.73 

6.48 

2.52 

1.41 

0.80 

Medium  sand 

0.25 

2 

18.21 

25.98 

17.  72 

22.92 

14.81 

12.31 

10.68 

15.75 

8.23 

Fine  sand 

0.125 

3 

75.52 

67.44 

78.14 

70.72 

78.72 

75.67 

80.94 

79.80 

83.71 

Very  fine  sand 

0.063 

4 

1.35 

1.70 

1.92 

1.13 

4.49 

4.48 

5.00 

2.69 

6.98 

Silt-clay 

<0.063 

>  4 

<0.01 

<0.01 

0.01 

0.01 

0.01 

0.03 

0.03 

0.04 

0.05 

Control  Sites 

Borrow 

Sites 

A 

B 

1 

2 

Gravel 

>2.0 

<-l 

<0.01 

0.05 

0.00 

0.04 

Very  coarse  sand 

1.0 

0 

0.66 

0.80 

0.03 

0.01 

Coarse  sand 

0.5 

1 

4.29 

5.53 

0.64 

8.56 

Medium  sand 

0.25 

2 

16.85 

22.29 

5.42 

26.04 

Fine  sand 

0.12S 

3 

72.33 

66,47 

87.85 

62.58 

Very  fine  send 

0.063 

4 

5.64 

4.80 

6.02 

1.96 

Silt-clay 

•0.063 

4 

0.22 

0.06 

0.03 

0.01 

Table  A-2.  Particle-size  analysis,  percentage  composition  of  one  phi 
size  intervals,  for  the  May  1980  collections. 


Size  Class 

Particle 
Size  (mo) 

Phi  (?) 
Value 

PERCENTAGE  COMPOSITION 
Transects  1-9,  Station 

1 

1-1 

2-1 

3-1 

4-1 

5-1 

6-1 

7-1 

8-1 

9-1 

Gravel 

•2.0 

<-l 

0.37 

0.00 

<0.01 

0.00 

0.00 

0.00 

0.01 

0.00 

0.00 

Very  coa*>e  sand 

1.0 

0 

0.89 

0.03 

0.01 

0.03 

0.21 

0.03 

0.36 

0.15 

0.03 

Coarse  sand 

0.5 

1 

15.08 

0.94 

0.89 

2.11 

0.98 

2.86 

16.31 

17.37 

1.90 

Medium  sand 

0.25 

2 

44.26 

27.38 

64.62 

70.97 

57.61 

63.02 

69.33 

70.85 

67.72 

Fine  sand 

0.125 

3 

39.33 

71.17 

34.43 

26.85 

41.13 

34.00 

13.96 

11.60 

30.29 

Very  fine  sand 

0.063 

A 

0.06 

0.46 

0.05 

0.03 

0.07 

0.08 

0.02 

0.02 

o.os 

Silt-clay 

<0.063 

>  4 

<0.01 

0.01 

0.01 

0.00 

<0.01 

0.01 

<0.01 

0.01 

0.01 

Transects 

1-9,  Station 

2 

1-2 

2-2 

3-2 

4-2 

5-2 

6-2 

7-2 

8-2 

9-2 

Gravel 

'2.0 

'-1 

0.10 

0.00 

0.08 

0.02 

0.03 

0.01 

0.00 

<0.01 

0.00 

Vary  coarse  sand 

1.0 

0 

0.57 

0.16 

0.23 

0.04 

0.05 

0.23 

0.04 

0.04 

0.09 

Coarse  sand 

0.5 

1 

7.06 

1.69 

2.60 

0.90 

1.70 

2.33 

1.04 

0.80 

1.11 

Medium  sand 

0.25 

2 

34.49 

19.09 

28.60 

22.68 

30.40 

29.42 

35.80 

25.91 

42.08 

Fine  sand 

0.125 

3 

57.35 

78.59 

68.02 

75.30 

67.26 

67.24 

62.71 

72.55 

56.35 

Very  fine  sand 

0.063 

4 

0.42 

0.44 

0.47 

1.04 

0.54 

0.76 

0.41 

0.69 

0.29 

Silt-clay 

'•0.063 

'  4 

0.01 

0.28 

0.00 

0.02 

<0.01 

0.01 

<0.01 

<0.01 

0.08 

Transects 

1-9,  Station 

3 

1-3 

2-3 

3-3 

4-3 

5-3 

6-3 

7-3 

8-3 

9-3 

Gravel 

'2.0 

<-l 

'0.01 

0.04 

<0.01 

0.00 

0.01 

0.31 

0.00 

0.38 

0.01 

Very  coarse  sand 

1.0 

0 

0.04 

0.43 

0.07 

0.03 

0.01 

0.18 

0.06 

0.60 

0.09 

Coarse  sand 

0.5 

1 

0.43 

2.50 

0.30 

0.89 

0.37 

1.55 

0.91 

4.69 

1.63 

Medium  sand 

0.25 

2 

5.44 

36.70 

11.24 

26.47 

27.46 

30.47 

20.09 

36.88 

28.43 

Fine  sand 

0.125 

3 

91.23 

59.93 

87.00 

71.98 

71.69 

66.71 

76.74 

56.59 

68.99 

Very  fine  sand 

0.063 

4 

2.85 

0.40 

1.37 

0.63 

.0.47 

0.77 

2.18 

0.77 

0.85 

Silt-clay 

<0.063 

>  4 

0.01 

<0.01 

<0.01 

0.01 

0.00 

0.01 

0.02 

0.09 

0.01 

Transects 

1-9,  Station 

4 

1-4 

2-4 

3-4 

4-4 

5-4 

6-4 

7-4 

3-4 

9-4 

Gravel 

>2.0 

<-l 

0.25 

0.00 

0.00 

0.00 

0.00 

0.00 

0.02 

0.02 

0.00 

Very  coarse  sand 

1.0 

0 

0.56 

0.38 

0.12 

0.02 

0.06 

0.17 

0.61 

0.31 

0.50 

Coarse  sand 

0.5 

1 

2.49 

6.99 

0.91 

0.77 

1.30 

2.24 

6.05 

4.59 

7.41 

Medium  sand 

0.25 

2 

12.59 

23.73 

7.70 

6.52 

19.10 

13.46 

33.41 

41.38 

34.78 

Fine  sand 

0.125 

3 

82.21 

66.29 

86.67 

89.23 

77.71 

80.63 

59.40 

52.66 

56.46 

Verv  fine  sand 

0.063 

4 

1.90 

2.61 

4.60 

3.45 

1.83 

3.49 

0.50 

1.05 

0.84 

Silt-clay 

<0.063 

'  4 

0.01 

0.01 

0.01 

0.01 

0.01 

0.00 

0.01 

0.01 

0.01 

Transects 

1-9,  Station 

5 

1-5 

2-5 

3-5 

4-5 

5-6 

6-5 

7-5 

8-5 

9-5 

Gravel 

'2.0 

0.01 

0.07 

0.07 

0.00 

0.00 

0.00 

0.00 

<0.01 

'0.01 

Very  coarse  sand 

1.0 

0.22 

0.45 

34 

1.16 

0.17 

0.23 

0.04 

0.34 

0.18 

Coarse  sand 

0.5 

1.24 

3.16 

1.65 

15.40 

2.15 

2.40 

0.94 

2.65 

2.40 

Medium  sand 

C .  25 

12.72 

28.00 

'  .  09 

27.37 

14.65 

20.96 

10.97 

32.49 

19.57 

Fine  sand 

0.125 

81.83 

67.26 

85.77 

55.44 

81.48 

75.18 

85.19 

63.60 

?S .  21 

Very  fine  sand 

0.063 

3.98 

1.04 

3.07 

0.62 

1.54 

1.23 

2.82 

0.90 

2.60 

Silt-clay 

*0.063 

■ 

0.01 

0.01 

0.02 

0.01 

<0.01 

<0.01 

0.05 

0.01 

0.02 

■ 

Control  Sites 

Borrow 

Sites 

■ 

A 

8 

1 

2 

Gravel 

'2.0 

0.02 

0.02 

0.00 

0.00 

Very  coarse  sand 

1.0 

Hi  diU 

1.36 

0.63 

0.20 

0.11 

Coarse  sand 

0.5 

m 

8.93 

5.26 

1.06 

1.6? 

Medium  sand 

0.25 

13.13 

21.17 

15.89 

14.23 

Fine  sand 

0.125 

m 

71.43 

65.44 

81.17 

81.89 

very  fine  sand 

0.063 

5.11 

7.41 

1.66 

2.09 

Silt-clay 

-  0.063 

0.03 

C.07 

0.01 

0.01 

1 
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APPENDIX  B 

COMPOSITE  SPECIES  LIST  AND  FAUNAL  COUNTS 
BY  STATION 


Table  B-l.  Composite  species  list  and  faunal  counts  for  the  November- 
December  1979  sampling. 


CHIDAJtIA 

KYDROZOA 

Hydro  id  sp. 

ANTH020A 

Anthenaria  sp. 

Anemone  up- 
IHAETOCNATHA 

Unidentified  sp. 
PLATYHELMINTHES 

Turbellarle  spp. 

NEMEXTINCA 

Unidentified  spp. 

MOiATOOA 

Unidentified  spp. 

CAS  TROT* ICKA 

Unidentified  sp. 

SiniNCUUOA  • 

Sipvnculua  lonqipapilloaua 
ANNELIDA 

OLICOCHAETA 

Unidentified  spp. 
POLYCHAETA 

Apoprionoapio  pypmaea 
Archlannelide  sp. 

Ancidee  traqilis 
Armandia  agilta 
irstndii  maculate 
Brania  elevate 
frame  wall flaa tana t$ 
Diapio  uncinate 
Dnlonaraia  sp.  A 
<22  years  smer scans 
Clqcinda  soil  ten  a 
Lwmbrineris  paraapadata 
Haqalooa  noyai 
Hal  inns  maculate 
tinuapio  cimfara 
tapht y*  bwcer a 
napti  tys  piece 
Nereis  euecinee 
Nereis  sp. 

Onupbis  e.  oculeta 
Ophahd  sp. 

Persons s  tolgana 
Phql lodoca  erense 
Polynoidea  sp.  A 
Prionoapio  cristate 
ScoleJepis  squamae  a 
Sco lop lorn  foil om u t 
Scoloploa  robust us 
5iyambra  bessi 
Spio  pettsboneae 
^pionid  sp.  A 
Spjoprtenes  bombqa 
Pol vcheeta  sp.  A 
Polychaeta  sp.  C 
Polychaete  sp.  D 
Polychaeta  sp.  F 
HOI.LUSCA 

CASTROPOOA 

Anechis  pvlchella 
Arena  cricerineee 
Caecum  sp. 

Cyc lose resu ecus  sp. 
Cyiicfcneila  bidenteta 
•Vesserius  ecutus 
Nee jca  puailla 
Olive  sp. 

Ohvalla  daalbata 
Oil  valla  unities 
rerebre  sal leans 
Tonnldae  sp. 

Gastropoda  sp.  C 
BtVALVIA 

Cuna  daiii 

Dinocardi  om  robust us 
%  Pari  plot m  inaqua  la 

stnqilla  sp. 

Talllna  vara ico lor 
Dona*  e awaaianoa 


5  12  1  10  11 


Cot*  faiSW  ^ 


2  2  1 


2  1  2 


Table  B-l.  Composite  species  list  and  faunal  counts  for  the  November- 
December  1979  sampling. — Continued 


trvilia  concentrica 
Laptcxi  ap  - 
Loan*  waiitllinmata 
•tacrocml  i  ista  rureboaa 
Piter  siapeorw 
Tallin*  sp. 
sitiqill*  i urabths 
Verier  Ida*  »p. 
l*n*IH»PUOA 
i SUSTACEA 

•  'OPEP00A 

Unidentified  spp. 
vTHACEA 

Cyc/asfii*  ear 1 4ns 
danco cuaa  *p 
visyuroacyiif  ssucfii 
Unidentified  sp.  A 
’snucoo* 

SapJocy  ther ida  set l purer Ca te 
Sarsielia  *p 
I'nident  If  ted  *p.  A 
Unidentified  sp  B 
l SOPOOA 

Anc:nus  depresaus 
Chiridotee  evesvsta 
VMPM  1 POOA 

VinthoAautcuriui  up. 
deuscorrus  n.  sp. 

Hv  per i Idea  sp - 
Vonoculod**  ng*i 
Vbnoculodea  sp. 

Para/tauator i u*  a,  spp. 
PJetyisc/mopus  sp. 
Protohauatoriaa  n.  sp . 
Pseudo/ieuscorius  n.  sp. 
Pseuvlopiaey i %chnopus  n.  spp. 
PENAEIOCA 

Lacitmr  :*Moni 

•  VRIOEA 

Jgy rides  aip/ieeroscns 
Piocaaa*  hmmpfu  111 
Processa  sp. 

A  NOMURA 

Alban**  pa  rat > i 
Camilla  benedicti 
Ereeriea  talpoida 
l* pi  dope  Oenedicti 
Pagundae  ljuv.) 

Paguma  longicarpua 
Pagurua  sp. 

BKACHYUJIA 

DiSSodactylu*  reel  l  its* 
JvaJipes  t lor idanua 
sJva  1  i p*a  ocallatua 
Persephone  reedj tereanea 
Pinnies  checei 
Pznmsa  enscaea 
Pinnj *e  ratinens 
Pi n/uii  sp. 

Plnnother ldae  sp. 

Xanthldae  sp. 

MYSIDACEA 

IncAiaiiru  eg pica 
Sowreanielia  braai  hansi  a 
Boamatualla  floridana 
Bowmamal  la  spp. 
Metamystdopsi*  swirCl 

Mvsld  sp. 

MysidopSls  bah i a 
Mgaidopai a  big* loti 
Ugaidopai a  sp.  <)uv.) 

ECH J NODEAMATA 
ECHINOIDEA 

.1*1  lua  guinquiaaparfoeaca 
HOLOTHURO IDEA 

Unidentified  sp.  A 
0PH1UR0IDEA 

Ophi ophragmua  ourdmamm 
CEPhAI  CHORDATA 

Sranc/uos toare  florid a* 


Total  Number  of  Individuals 


Total  Nureber  of  Species 
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Table  B-l. 


Composite  species  list 
November-December  1979 


and  faunal  counts  for  the 
sampling. — Continued 


Species 


"1  5  ■  5  ~ 


1 — : — ? — i — * — * — v~ 


ICsswsH  Borrow  Sues 

*«  Cl  ITT? 


ON  I DA* I A 

HYDROZGA 

Hydro id  sp. 

akthozoa 

Athenana  sp . 

AntaoM  *p 
CHAETPC  HATHA 

Unidentified  sp 
PLATS  HELMltfTHES 

Turbellarl*  sp. 

NEHERTtNEA 

Unidentified  sp 
NLHATY'CA 

Unidentified  sp. 
C.ASTROTR1CHA 

I’nident  i  f  led  sp. 

S  IPl’MCVl  IDA 

puncujua  longipspi  1  loaus 

AM 

_  dAilA 

Unident  it  ted  »p. 

Pi'lYCHAETA 

Apoprxunosfito  pvyaeea 
irciti annelids  sp. 

AlK'iia*  itsgihs 
Araindis  agtiis 
Araendie  ascuiscj 
flrems  elevate 
Brsms  «eil/2*ucens<* 
Oispio  uncinate 
Dt ilon*rmi»  sp.  A 
viycera  nsncJiM 
JJpcindu  soli  eerie 
I.uaiicinerii  pervepedere 
Hey e. one  riojJi 
Htimne  aeculete 
tmuspio  cirri fere 
vepfteys  ftucers 
vepfttys  pi oca 
vereis  succines 
Vereis  sp. 

Jnupbis  e.  oculete 
JpAelie  sp. 
fstson is  to igens 
P.*»yl  iodocs  srense 
Pol v no idea  sp.  A 
Pnonospjo  cristate 
dcoleiepi*  syueaaee 
icoloploa  folio* us 
ocoiopJos  robot  cut 
Siqsmbrs  bsssi 
Spio  patCitonaee 
Spionld  sp.  A 
Sptophsnot  bOmbyt 
Pol vchseta  sp.  A 
Polychaata  sp.  C 
Polycheeta  sp.  0 
Pol vc haste  sp.  F 
HOtUSCA 

..ASTROPOOA 


1  lt> 
i  l 


1  -  0  J  l 


d  10  6  102  IS  112  a  iso  U) 


J  1  i 

1  i  2  1  S  1 


11  IS  e  is  1 J  62 


111  1 

1  1  J 


l  2 
42  17 


4  12 
2  12 


Anschia  po l chol Is 
Aron*  tri carinate 
Ceacua  sp. 
Jyclostraaiscus  sp. 
Oylic/inel  .4  indents  ee 
vassarius  Acucus 
vat ice  poaills 
-'live  sp. 

Jlivelle  Jaeihecj 
Jltvolls  witice 
reret re  sell sene 
Tonnidee  sp. 
gastropoda  sp.  C 
S1VALVIA 

Cune  dalli 

Otnocsrdiuo  robust ua 
Per iploaa  inaguaie 
itrifilJs  Sp. 
roll  me  versicolor 

Donee  ceeeaienua 


Copy  available  to  DT1C  does  M* 
pennit  iullf  legible  reproduction 
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Table  B-l.  Composite  species  list  and  faunal  counts  for  the 
November -December  1979  sampling. — Continued 


WIB- 


jrtaTiCM 

|tmhoct 


frviiie  cOMWiW 


Ltteit M  ailtilineeca 

*ec  recourses  iuMoh 

htsr  »i*pe ew 
Tdiiins  sp. 

Strifiiia  eiraP^ire 
Veeerlde*  ip 
AftTWOTCOA 
CKUSTACU 
COftfOft* 

U« User  If  led  mp 
CUMAC1A 

Cycisepr*  reriene 

Om yuxoetylis  WueJil 
Unidentified  sp-  A 
OSTIACOOA 

ftepjocy  trends  wtipuncuu 
Ssrsieils  M 
Unidentified  ep.  A 
Unidentified  ep.  % 


tacine  depreesus 
C Mridocne  mc«**U 
MMINM 

acne  tlrna*  m  tor  me  sp. 
nnuscerius  n.  sp. 

My  per tide*  ep. 
MDAOcniadee  oyer 


Per ensus tortus  n  epp- 
placytschnopus  sp. 

Proc often# tor t us  n.  sp 
PneesteOneeceeiee  o.  »P 
Pseudopiety  *hnop we  o . 
PCMAXlDtA 

Lsct/sr  rs 'uru 
CA810CA 

Oyyrt*  -  sipfteeroscrts 
Pros nese  heepeiili 
frocssM  sp. 


A 1  Penns  peretn 
ls*ri u  Penedicci 
benu  telpoide 
Lepi dope  Penerfictr 
Pager  idee  (Jus.) 

Peywrus  longtcsrpus 
Peywrus  sp- 
MACMTURA 

Otssodectyius  eeiittse 
Oirslipma  fioridenus 
Ovelipne  oceiJecua 
PnrsepOoos  eedicerennee 
Pinnies  cltecei 
Piiwuen  criscsts 
PtntUK*  retj  items 
Pinnies  sp. 

PlnnotPeridae  sp. 

Xsnthldac  sp. 

KtSlDACU 

PleAlsiliM  Cypres 
Po— smells  prnsiliensis 
PCMHniSlls  Mori  dsns 
Pwam  el  Is  spp. 
Meteeystdopei*  sviftt 

ffysld  sp. 

Mysidepeis  Ps Pis 
My a i do pels  bipelowi 
Mysi doper#  sp.  (,}«*•> 
CCktlNOOBSMATA 
ECU  1  no  ID  LA 

Nellies  puinpuiesperforete 
MOLOTHUROIDCA 

(taidsoclf led  «p.  A 
0PHIUK01DEA 

op/u  ophrsyeus  vwrdemanr 

cepmalochommta 

Branchioa'oma  f lor idee 


T  >  1  ♦  *  »  1  *  9  1  i  ’i  «  s  *  ~L_lU: 


6  24  17  1  11  40  9  IS  22 

2  1 

1117  i 

1  7  4 

lib  11 

20  4  a  11  11  U  8  1  2 

79  2*  20  2  10  8 


7  2  2  1 


b0  7  21  7  17  2 


o  7  IP  10  17  60  40  27  6 

40  11  7  5  81  1  2  7  11 

2  6  2  1 


11)17  4 


14  16  18  11 

4  IS  71 

7  41  1  1 


3  4  11 


Tocel  faster  of  Individuals 
Total  Pahtt  of  Specie* 


I ia  108  9)  166  106  192  71  307  71 
IS  20  16  23  19  13  19  20  24 


(143  76  86  63  rlO  202  1 *2  161  127 
16  20  17  12  22  29  2l  26  20 


88  269  :S4  94 
36  19  21  17 


Cow  available  to  OTIC  doejnot 
ygnlt  fully  legible  reproduction 
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Table  B-2.  Composite  species  list  and  faunal  counts  for  the  May 
1980  sampling. — Continued 


1  STATIC* 
TRAWSCCT 

Tallin#  sp.  (Juv.) 

Yenendae  sp. 

ARTHROPQOA 

CRUSTACEA 

COPEP00A 

Unidenctf led  spp. 

CUHACEA 

Cycjaspjs  vai-ians 
»4ncocuai  sp. 

Cumacea  sp.  A 
CaMcei  sp.  Is 
Cuaar ea  sp.  0 
Cuucc*  sp.  (frag.) 
osthacooa 

Napiocytherada  sec  a  punctata 
TSOPOOA 

A/tcmua  depresses 
•.'Airidocaa  eacavaca 
I'jiuropsii  sp. 

Ido: as  »p. 

UttCeida*  sp. 

AMPUL POO A 

AdsnCftonsux  conus  ,p. 
Aispeiasca  s+i.  B 
Haustoridae  sp.  :|uv.| 
.Vauatorjus  n.  sp. 

Leaftos  cf .  MtPseert 
Lascraeila  of.  bsrnsrdi 
9orxxru  lodes  nyei 
Monocu lodes  sp- 
PsraAeuscorius  n.  >p. 
Protohauscorius  n.  sp. 
Ps+adohskjstorms  n.  *p. 
Pseudopiscyischnopos  n.  spp. 
MVS1DACEA 

9oeMnieIia  por cor  a  cans ; s 
Sowmsn  j  e  J  J  J  spp. 
>»ecj*ysiJopsis  swifea 
SysaJopsis  sp. 

MvsiJaccd  sp. 

PEHAEIDEA 

t  verier  raaroni 
CAR  IDEA 

Car  idea  sp. 

OpyrxJas  aipftaroscru 
Processa  AeapAaJij 

MACRURA 

Csthsnssss  sp. 

ANOMURA 

Alftunea  parecia 
Operate  Pened-icta 
truer: ca  caJpoada 
Lepidopa  benedict: 

P-jgur  i  Jae  sp. 

Psqucus  long  test  pus 
Ptqurus  ip. 

ScrtqiUs  a:  raft:  1 js  (juv.* 
AnooufJ  sp .  <  juv . ) 

BRACHYURA 

Ojssodaccyius  aellaCae 
Ovaiipes  rloridanus 
P inrut*  ~h*cot 
Pinnix a  cftaecopcerana 
Pmnixs  crascata 
P inn ixs  ret anens 
Pj nnisa  sp. 

Pinnuther idae  sp-  (Juv.) 
Portunidae  (juv.) 

STOMATOPODA 

Cor  on  is  txcsvstnx 
ECH 1N00ERMATA 
ECU l NO IDEA 

TeJJjta  qvjnquisxpsrtotsts 
CEPHALOCHORDATA 

BrancAioatoMa  flora dae 

Total  dumber  of  Individual* 

Total  Suebor  of  Species 


19  J5  19  14  l?  22  12  14  11 


11)  •> 
1  5 


)  5  1 


V  14 
<3  1) 


179  78  96  288  201  112  95  21  50 


55  117  121  25)  89  107  106  «2  176 
14  If  If  14  17  lb  17  11  15 


10ft  16)  113  J1J  2)3  56  105  13)  102 
22  30  19  J?  24  18  20  27  18 


tync  ^ 
A*1  \*>***~ 
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Table  B-2.  Composite  species  list  and  faunal  counts  for  the  May 
1980  sampling. — Continued 


HYDROZOA 

ttydrold  ap. 

CHAETOCHATHA 

Unidentified  »p. 
PLATYMCLHIMTHES 

St  lochus  *p . 

YDttRTlKEA 

Unidentified  ipp 
HEMATOOa 

Unidentified  »pp. 

BRYOZOA 

Unldentlf lad  ip . 
FHOROKIDA 

Pborom %  architect* 

OU  COCHAETA 

Unidentified  epp - 
POLYCttAETA 

Apopr  1  ons*  pro  py?a*#i 
AiMndii  auculata 
drama  aai if  lam  Cans rs 
Capital  la  -api taea 
■Saul  lanalla  *p  . 

Oiapjo  uncinaca 
Et  aorta  .haearopocTa 
Cceone  laeee* 
u'lycere  4*(ic«im 
citfcmda  soil  tana 
.«a9aiona  no)ai 
ii  nut  pi  o  .-irri/era 
*vnocMi«  oculaca 
Nephcyidaa  *p-  ljuv.) 
.vap/itv*  bucara 
ttepntyi  picta 
.laraia  »p 

Jnvpfu  s  aramt*  oculata 
Paiapn onompio  pinnae* 
Par  torus  Tu  190ns 
Pactinaria  youldn 
Phyl.’Jjca  a  rant* 

Pi* cj  palMta 
Polydora  i-qnt 
Folynoidaa  *p-  A 
PoKnotdea  ap.  B 
Prionoapio  .'nstata 
Protodorvi llaa  »p. 
x-oJ«i*pii  squaaata 
Suoiopios  rol; oaua 
iso l op l os  robot tu* 
Sooloplo*  rubra 
iiqaMbra  bat  1 1 
Spio  patcibonaaa 
jpiophanea  Poebyji 
P  Ivcnaata  »p  ■ 
iOlUSCA 

.ASTRuPUOA 

».!«OCl<l»«  »p  l  ;uv  1 
.  y...-nna»la  tuvncati 
aitrai.a  lunaca 


tta  tdva.na 

. va  »p 

.  a.  .j  jm.  iuu 


J*  -1  .1  11  bl 


1  I  l  1  I 


11  .  3  10  O  '  ’i  t>  I 


IP  i  :b  U  4  -11  ">*> 


1  111 


■  . . m .at  Xup. i -  a 
rifprj  J*  »•  xrata 
Tartars  ta.lasna 
•aat  r  p~>4«  *p  •  ]< 

•  IV  1U  1 1 


Lepton  *p , 

Lucina  auJ  ci .  joaau 
duscuius  *p 
Picar  aiapeom 
So  tan  1  da*  »p 
Tailina  *ar»i.-o.or 


lo  DTIC  doe.  W* 


Table  B-2.  Composite  species  list  and  faunal  counts  for  the  Hay 
1980  sampling. — Continued 


Tallin*  «p.  (Jot.) 

VmrUM  *p 

1  111 

A*TK*OfOOA 

CRUSTACEA 

COPEPOOA 

Unidentified  app. 

CUHACEA 

Cycieapi*  rsrisns 

Neacocuaa  ap- 

ClWCU  ap.  A 

CuMCtl  «p .  a 

1  1 

ClMCM  ap.  0 

1 

Cuuct!  «p.  ((rat- ) 

OS TRAC OCA 

Hsplacqthsrids  *et ipunccata 

tSOWCA 

Ancinue  dapreesus 

1  2 

Charidoeea  excavate 

Isiuropaia  >p- 

/dotee  * p. 

Idoteids*  ap. 

AMPM1PO0A 

scsnzttonauacor  iu*  ><>. 

4  a  i  b  *  9  ?  «  b 

Ampelisc*  «p.  R 

Haue tor  Idea  ap .  ijuv.t 

- 

lamfrpa  c(.  uebaceri 

i 

UxcriaHa  Ct .  bsrnsrdi 

i 

monoculodas  ngai 

)  2  2 

Monocuiodas  ap. 

1  2  1 

Paraitauatonua  n.  »p. 

ProtoTMuacorius  n.  ap. 

lb  7  18  1)  4  12  1  l 

PseudoAauscori us  n.  ap. 

II  1  2  2  4 

psaudopla cy i acfinopv*  n.  app. 

1 

NYSlDACEA 

lowMiuaiia  par  car leant 1 * 

Bowman  fils  app. 

12  4  1  l 

,*x camjm Adopt  it 

eyaxdops*#  *p. 

My  a idee *a  ap. 

PEHAEIDEA 

Loci  far  tsaoni 

CAR  IDEA 

Car  idea  ap. 

•>PV ride*  alpoaroaeri* 

1111  t 

Process*  (MpfiiJli 

MAC KURA 

Cal liana as*  ap. 

l  b  1  1 

A NOMURA 

Altana*  par* cxx 

Eeerxca  tanatfxccx 

EMrxca  tslpoids 

Lapidopa  baosdicct 

Pjgur ida«  ap. 

1  1 

Pspvrut  a ongi carpus 

1  1 

Paygrus  ap . 

1 

Strigilla  mirsbiht  (juv.) 

Anowura  ap.  (]uv. ) 

MACH  YURA 

Oxssodaccylws  malhcsa 

I  li 

Jvalxpea  floridanut 

Pinnixa  d  fiscal 

i  l 

Pinnias  chsatoptarsna 

Pinnae  red  nan* 

pjrtnjra  ap. 

Pinnotherldae  ap.  (Juv.) 

)  12  1  1  1  219 

Porcunidaa  (Juy.) 

stohatopooa 

Coronis  atcsvatrit 

1 

ECH INUOERMATA 

ECHINOIDEA 

Iwl his  quinquiaaparforsts 

J  25 

cepkalochowjata 

Irsnctuoatoma  f  lor  ids* 

1 

Total  Number  of  Individuals 

9]  132  100  82  69  80  )5  9b  109 

Total  Ntaber  of  Species 

2  J  22  20  13  14  lb  14  lb  17 

49  lb  bl  U  U  II  lb  17  .><.  Jb  11  lb  9 

i  9  i  ;  J  j  io  s  -  i)  i 

7  i  8  1  9  12  10  11 


APPENDIX  C 


COMPARISONS  OF  THE  1979-80 


AND  1974-75  FAUNAL  DATA 


Table  C-l.  Comparison  of  the  species  and  number  of 
individuals  collected  at  the  nine  tran¬ 
sects  of  station  1  between  November  1974 
and  November-December  1979. 


Species 

1974 

Number  Collected 

1979 

Number  Collected 

CNIDAR1A 

HYDROZOA 

Unidentified  sp. 

— 

i 

ANTHOZOA 

Unidentified  sp. 

— 

2 

CHAETOGNATHA 

Unidentified  sp. 

1 

2 

PLATYHELMINTHES 

Unidentified  spp. 

— 

12 

NEMERTINEA 

Unidentified  spp. 

— 

8 

NEMATODA 

Unidentified  spp. 

— 

77 

GASTROTRICHA 

Unidentified  sp. 

— 

5 

ANNELIDA 

0L1G0CHAETA 

Unidentified  spp. 

— 

17  I 

POLYCHAETA 

Nereis  succinea 

— 

1 

Paraonis  fulgens 

3 

3 

Scolelepis  squamata 

— 

290 

Unidentified  sp.  D 

— 

1 

MOLLUSC A 

BIVALVIA 

Cana  dalli 

— 

2 

Donax  t ex as i anus 

56 

10 

Lepton  sp. 

— 

1 

Strigilla  sp. 

— 

1 

Tellina  sp. 

— 

1 

Unidentified  sp.  A 

— 

1 

Veneridae 

— 

1 

ARTHROPODA 

CRUSTACEA 

CUMACEA 

Mancocuma  sp. 

— 

1 

Qxyurostylis  smithi 

— 

2 

AMPHIPODA 

Hyperiidae  sp. 

— 

6 

Haustorius  n.  sp. 

24 

8 

Nonoculodes  sp. 

— 

1 

ANOMURA 

Emeri t a  ta 1 poi da 

3 

39 

Lepidopa  benedicti 

— 

1 

MYSIDACEA 

Mysidopsis  bahia 

— 

31 

Total  Number  of  Individuals 

87 

525 

Total  Number  of  Species 

5 

27 

72 


Table  C-2.  Comparison  of  the  species  and  number  of 
individuals  collected  at  the  nine  tran¬ 
sects  of  station  2  between  November  1974 
and  November-Dee ember  1979. 


Species 

1974 

Number  Collected 

1979 

Number  Collected  1 

CNIDAR1A 

HYDROZOA 

Unidentified  sp. 

.. 

i 

CHAETOGNATHA 

Unidentified  sp. 

-- 

4 

NEMERTINEA 

Unidentified  spp. 

3 

8 

NEMATODA 

Unidentified  spp. 

— 

10 

ANNELIDA 

OLIGOCHAETA 

Unidentified  spp. 

36 

POLYCHAETA 

Nephtys  bucera 

.. 

2 

Paraonis  fulgens 

8 

112 

Scolelepis  squama ta 

— 

18 

Scoloplos  robustua 

— 

2 

ARCH IANNEL IDA 

Unidentified  sp. 

— 

3 

MOLLUSCA 

BIVALVIA 

Donax  texasianus 

135 

70 

Veneridae  cf .  gouldia 

— 

2 

GASTROPODA 

Cyclostremiscus 

1 

Unidentified  sp.  A 

— 

1 

ARTHROPODA 

CRUSTACEA 

CUMACEA 

Mancocuma  sp. 

18 

ISOPODA 

Ancinus  depressus 

.. 

4 

AMPHIPODA 

Haustorius  n.  sp. 

48 

50 

Hyperiidea  sp. 

— 

1 

Monocu lodes  cf.  niger 

— 

6 

Parahaustorius  n.  spp. 

— 

14 

PENAEIDEA 

Lucifer  faxoni 

1 

ANOMURA 

Emeri ta  t al poi da 

2 

2 

Lepidopa  2>enedicti 

— 

2 

BRACHYURA 

Pinnixa  retinens 

22 

Pinnixa  sp. 

— 

2 

MYSIDACEA 

Bowmaniella  spp. 

51 

Mysidopsis  sp. 

— 

1 

COPEPODA 

Unidentified  sp. 

— 

l 

ECHINODERMATA 

ECHINOIDEA 

Nellita  quinquiesperforata 

2 

CEPHALOCHORDATA 

Brartchiostoma  floridae 

1 

1 

Total 

Number  of 

Individuals 

197 

448 

Total 

Number  of 

Species 

6 

30 

73 


K- 


Table  C-3.  Comparison  of  the  species  and  number  of  individuals 
collected  at  the  nine  transects  of  station  3  between 
November  1974  and  November-December  1979. 


1974 

1979 

1974 

19)9 

Specie*  Nnabci  Colic- 

cled  Nruabcr  Collected 

Species  Huebt- 

Collected 

NualfW  Colter  led 

CNlDAAl A 

CRUSTACEA 

AMTltOZOA 

USTKAi  OUA 

Atheruirld  ap. 

1 

Uni dent  It  led  op.  A 

LONACEA 

IVMtiD  lAH  )  A 

c'ycldapas  vniini 

( 

Uni  Jem  it  ictl  »pp. 

1 

Uni dent  if  led  »p  A 

ISOIKM1A 

1 

HEHtKl INtA 

AlK'l/iuS  depleasuv 

6 

3 

Unldem  11  led  »pp.  V 

a 

Cbara doled  eecavetd 

I 

AMPHIP00A 

NfcMATUUA 

lii/iti)piWuitorJv*  »p. 

451 

1 75 

Unidentified  of »p . 

ib 

Ndusconos  n.  ap. 

5 

Hyper  1  idea  *f> . 

— 

7 

OL  lOOCHAtTA 

Monocu iodes  nyei 

19 

Uni deni  it  ted  app. 

10 

Mono,  u lode*  »p . 

Psra/Wuitor  lus  o.  »pp  . 

1 

5 

2 

1 

PUUCNAtTA 

Proto/idustor Jus  n.  ap. 

68 

5) 

Apopr lununpio  pyyawed 

l 

PseudoAdus  ton  us  «.  ap. 

165 

17 

Archionnel lde  op. 

J 

PaeudopJdtyiSc'hnoptis  n.  Bpp. 

1 

b 

Ariel dee  frdyiiis 

l 

Synciwlidiua  ap. 

10 

Ainandia  Maculate 

9 

MYSIDACEA 

Aram  a  claeara 

12 

fewwdnieiid  braaiiienaia 

) 

Aroma  tm  J  i  t  laetens i  » 

4 

tUcinlsi  id  app. 

(5 

Paspao  uncinate 

.’6 

Me t e*y  » J dop* i a  seat tl 

1 

Maya  Iona  ilojn  1 

70 

LAK10EA 

Napbtys  piece 

| 

UyynJe*  dJ pbdaroUt r 1 a 

5 

I 

Onuptu  t  #.  oculutu 

0 

ProeSSd  ap. 

-- 

1 

OpAelia  ap.  2 

1 

AMUNUIU 

Clfioflu  Zu/yens  Jj 

297 

Caaratd  benedict  a 

1 

Polynoidea  ap.  A 

1 

tepi  dope  benedi c  C  i 

-- 

2 

Prionoipio  cnitaU  1 

BKACHYUKA 

5col*l#pis  iquiait« 

1) 

Oissodoceyiu*  aali ltd* 

-• 

1  1 

Sc-oloplos  foiiosuj 

21 

Ovtlipm*  floruit  nut 

-- 

1 

Spio  petti  Panada 

n 

fannird  chdcai 

8 

Spiopbdnes  buMby* 

2} 

Ainna id  cristdtd 

— 

1 

Sylllde*  leton  J 

7>anni*d  rat  a  nans 

b 

PoIyih»*ie  up.  A 

10 

f'innisd  ap. 

7 

Polyrhaetc  op-  C 

b 

PtnnoiheriJae  ap. 

-- 

1 

NUtUtSCA 

GASTROPODA 

Sapuncuius  70091  papal locus 

19 

Macica  pus i j  u 

1 

tCH l NOULKMATA 

Oliva  iiyinj  1 

-- 

OPKIUROIUEA 

Oitv+ll*  muttcu 

5 

Tcntbit  tjllvtnu 

2 

Unident  1  f  led  »p.  A 

1 

_ 

blVAlVlA 

Unidentified  ap .  6 

3 

L'htonu  yrus  1 

EL  HI NO IDEA 

fund  ddiji  4 

2b 

mi  he*  <ivu*iui0*p+iiui*t* 

22 

21 

Oowr  ttiuunui 

4 

HOLOTNUKOIDEA 

tmlu  concentr Jv-d  7  2 

Lepton  op. 

1 

1 

Unidentified  ap.  (Jus.) 

X 

Luc  in*  mil til anedtd 

1 

HtHlOWtUiATA 

Mac  rocaJ  J ista  niaiosi 

l 

Unidentified  ap.  (juv.) 

b 

Pit*r  fiapioni  7 

TaJijne  op.  (juv.)  2 

3 

CEAPHALOOKMUIATA 

Vcnerldee  ap . 

16 

trench a os torn*  tlortJ a« 

19b 

1 

Total  Nuabtr  of  Indlvlduala  1 

12) 

990 

Total  Nualxr  of  Speciea 

32 

b4 

tyttC  does 


74 


Table  C-4.  Comparison  of  the  species  and  number  of  individuals 
collected  at  the  nine  transects  of  station  4  between 
November  1974  and  November-December  1979. 


1974 

1979 

1974 

1979 

Spec  lea 

Nuabci  Collected 

Nuaber  Collected 

Species  Muai.vr 

Collected 

Nusbci  Collected 

NCHOmiKA 

CUHACLA 

Unidentified  spy. 

4 

2b 

Unidentified  ap.  A 

1 

1 

MOUTUDA 

OST1ACOOA 

Unidentified  spp. 

10 

10 

Unidentified  sp.  A 

ISOPODA 

1 

ANNELIDA 

* 

Ancinua  depress us 

IU 

1 

OL1COCHAETA 

Chtndotaa  aacavata 

4 

Unidentified  spp . 

2 

4  j 

AMFH1POOA 

KOLYCMAETA 

Acanthobaua tor iua  ap. 

ibi 

169 

A rmandia  aaculata 

-- 

J 

tauator jus  n.  ap. 

b 

— 

Mrania  elevate 

— 

7 

Hyper i Idea  sp. 

J 

Diapio  uncinate 

-- 

SO 

Honoculodaa  nyai 

— 

16 

Dnlonaraia  ap. 

— 

1 

Monoculodaa  ap. 

-- 

10 

Gy pc i a  vi ttaca 

1 

Parabauator jus  n.  app. 

12 

nagalona  riofai 

3 

17 

Protohauatori us  n.  ap. 

36 

101 

Minuapio  cirri  far* 

— 

1 

Paaudobauatoriua  n.  sp. 

90 

127 

Haphtya  piece 

— 

5 

Synchalidium  ap. 

1 

— 

Mareia  *p 

-- 

1 

CAJ110EA 

Ophalla  ap. 

3 

— 

Ogytldaa  alphaarcatria 

1 

17 

Paraonia  fulgana 

6 

S19 

AMOMJAA 

Prionoapio  criatata 

8 

-- 

Onenta  banad jcci 

— 

2 

Scolalapi a  aquamata 

— 

9 

Csss 1 1  ta  talpoida 

1 

— 

Scolopioa  tolioaua 

— 

1) 

Lapidopa  banadict  i 

— 

4 

Spio  pate tbonaaa 

-- 

2 

Pagutua  longicarpua 

-- 

4 

Spiopbanaa  t>oa6y* 

— 

6 

BKACHYURA 

Syl i idea  setose 

17 

*■- 

Diaaodactylu*  malt  it ae 

— 

6 

Unidentified  ap.  A 

-- 

9 

Oval  ipes  t lot idanu* 

— 

1 

Unidentified  ap.  F 

1 

Pintuaa  ctiacai 

KYS1DACEA 

“* 

10 

HULLUSCA 

Botmanial la  braai l tanaia 

1 

CASTSOPOOA 

Bottmamalla  flortdana 

-- 

1 

Attach  i  a  pulchalla 

— 

1 

»caman>alla  app. 

14 

Me  tics  pus i I  la 

Oliva  aayene 

1 

S 

ttgaidopaia  bigalo w/ 

2 

Olivalla  mutica 

-- 

3 

tCH 1 N00EHMATA 

Tarabra  seJieana 

— 

3 

iC HI NO IDEA 

M1VALVIA 

Mallita  quinqulaapartorata 

2 

2U 

Cuna  dal l t 

7 

3 

OFHIUR01DEA 

Donas  taxes x anus 

4 

>- 

Unidentified  ap.  A 

1 

-- 

trail  cm  concantrica 
Lepton  ap. 

2 

1 

22 

S1PUNCULIDA 

Pi  tar  aimp^ni 

1 

— 

Sjpuncuius  longipapi l loaua 

4 

-- 

Strigiils  aUrabilia 
Tallina  varBicolor 

Vena ride*  ap. 

1 

1 

7 

H EMI CHORDATA 

Unidentified  sp .  (Juv.) 

1 

CEPHALOCHOKDATA 

177 

CRUSTACEA 

Branchioatoma  tloridaa 

COfEFOOA 

T<-tel  Muaber  of  Indlvlduala 

76b 

1.232 

Unidentified  app. 

1 

60 

Total  Nuaber  of  Species 

30 

75 


Table  C-5.  Comparison  of  the  species  and  number  of  individuals 
collected  at  the  nine  transects  of  stat^.  n  5  between 
November  1974  and  November-December  1979. 


_ Sgm  _ 

CHALTOL HATHA 

Uui  Sent  It  led  i)t. 

NfcMERT  1  MCA 

Unident  It iaJ  ap|>. 

NUUtUUA 

DaJJantiflaJ 

tur  mi -Lamia 

Uniilmiltlof  apj>. 

ANNELIDA 

OL I  COL'MAET A 

Unldant tt  ted 
POLYCHAETA 

Apopriofutpia  pyyiUtM 

Irmmndi* 

■rant a  ciavata 
Crania 

Dt apt o  uncinate 
Glycmr*  smsricsn* 
Giyclnda  soUteria 
MegeJona  rjojsl 
Mnutpio  cir titer* 
MapAtys  plcte 
Marat a  ap. 

Ctiuphia  a.  ocvlaca 
Op/tel  is  ap. 

Psrsonls  fulgent 
Pectinsn*  pould. it 
Pbyl lodoca  atanaa 
Phgllodoce  ap. 
Polynoldea  ap.  A 
PrJcatoapio  eriitaca 
Scolalepis  tfiuaiti 
Sooloploa  tohoaua 
Sigembra  Masai 
Spio  pattibonaaa 
SpiopfwiMt  toafeya 
Unidentified  ap.  A 
MULLUSCA 

CASmoPOUA 

Matica  pusilia 
Oliva  aayana 
Oliva  ap. 

OiJwlJe  dee 4 beta 
OU omits  mat  4c* 

Tetebr*  aai I Sana 
Unidentified  ap.  C 
BIVAI.V1A 

Cun*  dslh 
Done*  tas  as  lamia 
CrviJia  cone ant  r ice 
tap too  ap. 

Lacina  Miltilineate 
Pitar  atiapsonl 
Strlyi 1 la  aJrabiiie 
TaJJIne  versicolor 
Vanaridee  ap. 


1914 

jtojgt  Cullt. tod 


1 

2 
1 

1 

12 


2 

8 


1479 

Hue*>«ri  L»1 Iv. 


8 

3 
6 

59 

1 

1 

8 

1 

4 
2 
8 

Mi 

2 


I 

l 

1 

2 
1 


Spec  leu  Nuabv 

1974 

Co  1  levied 

1979 

Nuabrc  Coll  tv  ted 

AKTHKOPO&A 

CRUSTACEA 

CUNACEA 

Cyclespis  veiians 

) 

Osyutostyl /*  smitbi 

-- 

1 

USTftACUDA 

Ssplocythvl  >J*  Htflipum.  (4t< 

1 

1  liOPODA 

I  Ancirwa  Jvpressua 

- 

1 

AMPH1P00A 

Acanthoheu* toi  iu»  ap. 

121 

167 

Heustorius  n.  ap 

1 

-  - 

Munoculodas  ny«*i 

4 

II 

Honocul uJ«s  »p 

i 

ParahauaCor  tua  n.  *pp . 

* 

Piety 1 schnopus  sp. 

2 

Piotohaustoi iu»  n.  ap. 

80 

220 

Pseud<jh*uttor tu*  n.  ap. 

119 

H>5 

Pseudoplatyiscbnopu*  n.  ap .  A 

11 

Synchelidiu*  ap . 

4 

PENAEIDAE 

Lucifer  tesoni 

■ 

CAR  IDEA 

Aabideiter  syMet  ileus 

l 

Oyyrides  a) pheerosti i s 

i 

5 

Process*  helpfnllt 

1 

1 

|  ANUMURA 

events  tel  paid* 

* 

Leptdop*  benedict i 

j 

1  BKACHYURA 

Dtssodsclylus  mellilett 

J 

Oval ipas  ocallatus 

1 

Pinnixe  checei 

-- 

1 

PlnnijrA  cristate 

5 

-- 

Pinnothandae  ap . 

1 

XenCMdae  ap. 

2 

I  WYS1DACEA 

lovatnirl 1*  spp . 

4 

Mystdopais  pallia 

9 

Myaidopsis  Oigelou i 

-- 

2 

Hqsidopsis  ap.  (Juv.) 

1 

ECHINOUERMATA  1 

ECU  I  NO  IDEA 

1  Nellita  qu inquiespec  tur*t* 

0 

"  1 

I  SlhlNCULlOA  | 

|  Si  pun.- ulus  longi  p*pi  l  lotus 

1 

‘ 

l  HEM  (CHORDATA  | 

1  Unldent it  led  ap.  (Juv.) 

1 

- 

1  CtPUALCXHORDATA 

■ranch  1  os  Com  florid** 

160 

J 

Total  Nuabrr  o(  Individuals 

589 

1  .212 

Total  Aab«t  of  Spec  t as 

J4 

68 

Copy  available  to  DTIC  does  tick 
fullf  legible  iepro4tw*«a 


76 


Table  C-6.  Comparison  of  the  species  and  number  of 

individuals  collected  at  the  nine  transects 
of  station  CA  between  November  1974  and 
November -Dec ember  1979. 


Species  Number 

1974 

Collected 

1979 

Number  Collected 

NBMERTINEA 

Unidentified  spp. 

1 

NEMATODA 

Unidentified  spp. 

— 

6 

ANNELIDA 

OLICOCHAETA 

Unidentified  spp. 

22 

4 

POLYCHAETA 

Aricidea  sp. 

2 

— 

An mandia  macula ta 

5 

— 

Ajrmandia  agilis 

— 

1 

Brania  clavata 

— 

1 

Brania  wellfleetensis 

— 

3 

Lumbrineris  paravapedata 

— 

1 

Hag* lona  riojai 

— 

3 

Helinna  maculata 

— 

1 

Nephtys  pi  eta 

— 

1 

Nereis  sp. 

— 

2 

Onuphxs  eremite  oculata 

1 

— 

Paraonides  lyra 

19 

— 

Paraonides  sp. 

2 

— 

Paraonis  fulgens 

— 

3 

Paraprionospio  pinnata 

17 

— 

Polynoidea  sp.  A 

— 

1 

Prionospio  cristata 

47 

1 

Scolelepis  sp. 

2 

— 

Scoloplos  foliosus 

— 

2 

Spiochaetopterus  oculatus 

1 

— 

Spio  pettiboneae 

7 

1 

Spiophanes  bomb yx 

— 

6 

MOLLUSCA 

BTVALVlA 

Periploma  inequale 

— 

i 

GASTROPODA 

Caecum  sp. 

— 

1 

ftatica  pus  ilia 

— 

2 

01 i vella  dealbata 

— 

4 

Tonnidae  sp. 

— 

1 

Oliva  sp. 

— 

3 

ARTHROPODA 

CRUSTACEA 

AMPHIPODA 

Acanthohaustorius  sp. 

— 

2 

Pseudoplatyischnopus  n.  spp. 

1 

7 

Protohaustorius  n.  sp. 

— 

14 

Pseudohaus tori  us  n .  s  p . 

— 

4 

MYSIDACEA 

Bovmamella  flondana 

— 

i 

OSTRACODA 

Haplocytberida  setipunctata 

— 

1 

Sarsiella  sp. 

— 

1 

ANOMURA 

Albunea  paretii 

1 

1 

Pegu r us  sp. 

— 

1 

BRACHYL’RA 

Ovalipes  f londanus 

— 

I 

Persephone  medi c erreanea 

— 

1 

Pinnixa  sp.  (Juv.) 

— 

1 

Port onus  spinlmanus 

1 

— 

ECHINODERMATA 

ECHINOIDEA 

Mellita  quinquiesperforata 

— 

3 

CEPHALOCHORDATA 

Branchiostoma  floridae 

— 

1 

Total  Number  of  Individuals 

129 

88 

Total  Number  of  Species 

15 

36 

77 
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Tmllina  vBrsicolor 
Dinocardium  robust* 


Table  C-8.  Comparison  of  the  species  and  number  of  individuals 
collected  at  the  nine  transects  of  station  1  between 
May  1975  and  May  1980. 


Species 

1975 

Number  Collected 

1980 

Number  Collected 

CNJDARIA 

HYDROZOA 

Hydroid  sp . 

— 

1 

CHAETOGNATHA 

* 

Unidentified  sp. 

— 

1 

NEMERTINEA 

Unidentified  spp. 

1 

— 

NEMATODA 

Unidentified  spp. 

1 

5 

ANNELIDA 

POLYCHAETA 

Nephtys  picta 

— 

1 

Scolelepis  squama ta 

4,231 

1,375 

MOLLUSCA 

BIVALVIA 

Donax  texasianus 

2,827 

46 

ARTHROPODA 

CRUSTACEA 

CUMACEA 

Cyclaspis  varians 

— 

1 

Mancocuma  n .  sp . 

16 

5 

ISOPODA  1 

laniropsis  sp. 

— 

1 

I do  tea  sp. 

— 

1 

AMPHIPODA 

Acantbohaustorius  n.  sp. 

— 

1 

Haustoridae  sp.  (juv.) 

— 

1 

Haustorius  n.  sp. 

88 

18 

Protohaustorius  n.  sp. 

— 

2 

ANOMURA 

Emerita  benedicti 

— 

1 

Emerita  talpoida 

218 

47 

.  Lepidopa  benedicti 

1 

6 

BRACHYURA 

Pinnixa  cristata 

1 

— 

Portunidae  (juv.) 

— 

1 

Total  Number  of  Individuals 

7,384 

1,524 

Total  Number  of  Species 

9 

18 

79 


Table  C-10.  Comparison  of  the  species  and  number  of  individuals 
collected  at  the  nine  transects  of  station  3  between 
May  1975  and  May  1980. 


I  CftllWMJ 


CM  I  DAM  A 

MYDRtlZOA 

Hvdrntd  ap. 

OUnWMATMA 

Unidcnt  i  ( led  ap. 

NCfC*  TIMKA 

Unldent  1 1  led  app. 

KEMATOOA 

Unidentified  *PP 

p  notion  Ida 

Photoni  *  arohi  t #ctj 

ANNELIDA 

OLlGOOtAETA 

Unidentified  spp 
POLtCKAETA 

Apopi  ijikh^j  o  pyysaaea 
Armani i 4  macul at A 
Capital  la  capital* 
Dispto  uncinate 
St  none  hat aropoda 
CJyctit  mrictM 
Ha ga Iona  rtoj*t 
Hicronaphtya  ainutt 
M tphtt/a  bucara 
Ntpfltys  pi  eta 
Mtrtis  Ip. 

Ptfionu  fulyens 
Phyllodoce  aranaa 
Podtrwi  ap. 

Scolaiapi x  aquamata 
Scoloploa  (oliottu* 
Siqambra  baa* i 
Spionld  sp. 

Spio  pattibonaaa 
Spiophana*  bcakbqx 
Polychaete  ap.  C 

MCH.UfSCA 

CASTROPUD' 

Ac leonidae  sp.  (Juv.) 
Mi  tr*J  la  lurtata 
Massanus  *c* utus 
Nation  post l la 
01iv«j]a  anitica 
Pofinicvs  Jopticatus 
RIVALVIA 

Cana  da  Hi 
Oonan  taxes i anus 
Zt  at  H*  concent  rice 
Piter  tiepsoni 
Tei 1 i na  varaicolor 
Venerldae  up. 


_ _ Specie*  Mu 

arthrotooa' ‘ ‘ 

CRUSTACEA 

C1R4ACEA 

Cyciaspis  vjii.ins 
UncotuaM  n  sp . 

1SOPOOA 

Aitinus  deprassus 
Chi  ridotaa  eitca  vata 
Idotrldar  ap . 

AMPHIPOOA 

AcanthoAeustor ius  n.  ap. 
Amp* li sea  sp .  8 
Caprellldae  *p.  A 
Hauatondaa  sp.  (|uv.  ) 
Naustorius  n.  sp. 

Lmatbos  cf .  taebatan 
Monocuiodes  nyeJ 
Parahauatorius  n.  spp. 

Pro toh* us tori us  n.  sp. 
Pseodobaustonus  n.  sp. 
Pseudoplatqischnopus  n.  spp 
Synchal i d i un  n.  tp. 
HYSIOACEA 

fcMM/u*i  la  spp. 

Nysidopsis  ap. 

PENAEIDEA 

Lucifer  f jxom 
CAR IDEA 

Cat  Idea  sp. 

Oqyridas  alphaatosti is 
Process*  heaydiillj 
NACRURA 

Callianassa  sp. 

AHUNURA 

L*pi dope  benedict i 
Payor us  lonqicatpoa 
Faquru*  sp. 

Pagur tdae  ap. 

BAACHYUAA 

Dissodactylus  aeliatae 
Ptnnixa  cm  seat* 

Pinnix*  rat  mans 
Pinnotheres  wcuiitus 
Plnnot  her  Ida*  ap.  ( 1«iv  . ) 
Port  onus  qibbasn 
Portunidae  »p.  ()uv.) 
STUNATOPOOA 

Coronta  axcavatii* 

ECH (HOUERMATA 
ECU  I  MO IDEA 

NeiJita  quinquietpat  tnrata 
Hnt/mWROlDLA 

Unidentified  sp  {Jov.l 

HIM  l CHORDATA 

Unidentified  ap.  (  |»v  . ) 

CEPMAI.OCHORDATA 

Branctlioatoma  ftoiidaa 


1975 

•r  Col  lerted 


1980 

r  Collected 


Unidentified  opMdlld 


Total  Nuaber  of  Individuals 
Total  Nuaber  «>f  Species 


1.110 

b) 


Table  C-ll. 


Comparison  of  the  species  and  number  of  individuals 
collected  at  the  nine  transects  of  station  4  between 


May  1975  and  May  1980. 


Species 

1975 

Number  Collected 

1980 

Number  Collected 

Species  Number 

1975 

Collected 

1980 

Niaber  Collected 

PLATYHELNINTHES 

AMPHIPODA 

TURBELLARIA 

Acenthoheustonus  sp . 

821 

64 

Unidentified  spp. 

1 

— 

Kaustorldae  sp.  (juv.) 

— 

2 

Meuse onus  n.  sp. 

4 

— 

CHAETOG HATHA 

iambos  ct .  wap  atari 

— 

1 

Unidentified  sp. 

— 

1 

H  stnelie  cf.  be  mar  da 

— 

1 

HoTKKrulodas  ny  >i 

2 

5 

NEMER TINEA 

ttonoculodaa  sp. 

— 

4 

Unidentified  spp. 

18 

8 

Pareheusconus  n.  spp. 

13 

8 

Procoheustorius  n.  sp. 

160 

74 

NEMATODA 

Pseudoheuseonus  n.  sp. 

30 

20 

Unidentified  spp. 

1 

l 

Psaudoplatyiachnopua  n.  spp. 

— 

6 

Sgncttalidxum  n.  sp. 

15 

— 

ANNELIDA 

MYSIDACEA 

oligochaeta 

Bca/maiixalla  spp. 

— 

9 

Unidentified  spp. 

— 

2 

Hatamyaidopaia  svifti 

— 

2 

POLYCHAETA 

tfysidacea  sp. 

— 

2 

A mend  la  maculaca 

1 

1 

CAR  IDEA 

Oispio  uncanata 

15 

26 

Ogy ndaa  alpheerostns 

7 

5 

Cl pea ndm  sol x tar i a 

— 

2 

Procaaaa  vicxoa 

1 

— 

ftagalona  obockanais 

2 

— 

MACRURA 

Hagai ona  riojax 

10 

11 

Callianaaaa  sp. 

— 

8 

Hxcronmphtys  minute 

1 

— 

Unidentified  sp. 

11 

— 

Mi  crone p/i  tys  sp. 

1 

— 

ANOMURA 

Hxnuspio  cirri  farm 

— 

1 

Qaerita  talpoide 

6 

— 

Nyraochele  ocuiete 

— 

2 

Pagundaa  sp . 

— 

2 

Smphtya  bucere 

4 

— 

Pagurua  longi carpus 

1 

2 

Haphtys  pxeta 

— 

49 

Pa guru*  sp . 

— 

1 

Panoms  fulgmns 

77 

338 

SRACHYURA 

Prionoapio  cristata 

1 

— 

Dxaaodaczylus  mallxzdaa 

— 

13 

Scolalapi*  squama  ca 

17 

3 

Oval x pas  ocailat.ua 

1 

— 

Scoloploa  folio* us 

1 

4 

Pinnxxa  chacai 

— 

•* 

Scoloplos  robust us 

— 

1 

Pxnnxxa  crxstata 

13 

— 

spiomd  sp. 

1 

— 

Pinnotbaraa  mac  ul  at  us 

3 

— 

Spio  pettiboneae 

19 

— 

Plnnotherldee  sp.  (juv.) 

— 

34 

Spiophanaa  bombyx 

4 

5 

Portumis  gibbasu 

4 

— 

STOMA  TO POD A 

MOLLUSCA 

Coronxs  axcavatrix 

— 

1 

GASTROPODA 

alive  seyene 

— 

2 

ECHINODEXMATA 

01  iv*  mitxca 

— 

2 

ECHINOIDEA 

Polimcaa  dupiicetus 

1 

— 

Nellies  qumyuies perforate 

10 

28 

BIVALVIA 

HOLOTHUROIDEA 

Cure  deiii 

— 

1 

Unidentified  sp.  (juv.) 

5 

— 

Doner  ceresaanu* 

818 

•• 

Ervilia  concantric* 

2 

— 

HEMI CHORDATA 

lepton  sp. 

— 

1 

Unidentified  sp.  (juv.) 

1 

— 

Strigill*  mirabilxa 

4 

— 

1 

Tallin e  versa  color 

— ■ 

1 

CE*  HAL0CH0RDATA 

j 

Unid.  venerid  (nr.  aouidie)  2 

— 

Branctuostom*  flondaa 

1 

1  t 

Veneridae  sp. 

— 

4 

- j 

ARTHROPODA 

Total  Number  of  Individuals  2 

.149 

•97 

CRUSTACEA 

-6 

51 

CUMACEA 

Mencocuaa  sp. 

3 

— 

Unidentified  sp. 

1 

— 

Cuaecee  sp .  B 

— 

2 

Cuaecee  sp.  D 

— 

1 

ISOPODA 

Ancinus  depress us 

27 

3 

Chin  do  tee  axcavata 

8 

25 

.o 


•3oe« 


hoO- 
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Table  C-12.  Comparison  of  the  species  and  number  of  individuals 
collected  at  the  nine  transects  of  station  5  between 
Hay  1975  and  May  1980. 


197S 

1980 

197  * 

1980 

Specie*  Sumtaer 

Collected 

•AusDer  Col  lac  ted 

Specie*  Viast*  r 

CdiieCCM 

•Am C/a c  CollactM 

CN 10 ARIA 

ARTKR0PODA 

Hvdroxoa  sp. 

— 

CRUSTACEA 

CUHACEA 

PLATYHEUMINTHES 

Cyc.aap i*  variant 

) 

rVRBEL LARIS 

Hsncocuma  n .  sp . 

— 

Stylocnua  sp. 

— 

-laicu  sp.  A 

— 

1 

.  nident  it  lad  spc 

-- 

-uaaca*  sp  B 

— 

iteacea  sp  .  D 

— 

2 

S EXERT INEa 

-oiden  t if lad  sp. 

: 

— 

nident it  lad  ipp. 

-1 

29 

ISO POO A 

-Vuridoca*  axcavata 

20 

29 

XEMATOOA 

AXPHIP00A 

n ia«nc  1 1  i*u  spp. 

b 

18 

Acant/tonaustonus  sp . 

<96 

28 

Kauscoridaa  sp.  (juv.) 

— 

2 

BRYOZOA 

Lit  trial  la  cf.  bsznsrdl 

— 

..nident if  led  »p. 

tonocu i  oda*  riyax 

13 

3 

Honoculodaa  sp. 

— 

8 

PHORoNIDA 

Parahsus zori us  a .  spp . 

— 

5 

Pharorus  arclu  ckci 

ProeoAauacoriua  n.  sp. 

.32 

250 

Psaudo/iauatorxua  n.  sp. 

107 

37 

ANNELIDA 

Pamudopiacyi acJmopus  n.  spp. 

6 

32 

JllOOCHAETA 

SyncnshdiuM  n.  sp. 

30 

— 

. nident if  led  >pp  . 

10 

Taron  sp. 

1 

— 

•hJCYCHAlTA 

MY SI DACCA 

Apopnonoapio  ^9mm 

- 

Sowmaruai.a  portoricanais 

— 

3 

Arma/Wi  -i  nwcui^U 

Bo^mamaila  spp. 

— 

. 

ar±ni* 

- 

PENAEIDEA 

2i*p-.o  j/teinsc* 

Luc  i  far  faxoru 

— 

1 

Etaorm  leceropoda 

— 

CAR  IDEA 

Scsons  . *ec*a 

— 

Dyyrxdas  j .phaaroa cm 

— 

5 

jly C«r*  imu J4ru 

— 

- 

Procasa a  nsmptuih 

.1 

— 

Ulycer*  aaycapAaia 

— 

MACRO RA 

ilyci nds  solicsria 

— 

• 

Call.anaaaa  sp . 

— 

*3 

tavaion*  ..o/Ji 

ib 

• 

Unidentified  sp  . 

•i 

— 

h cronmpht ys  aunut* 

2 

-- 

AN0KJRA 

lynochmim  oculaca 

— 

* 

Lapidopa  banadicti 

) 

5 

Sepntvtdae  sp.  juv.i 

-- 

Paguzidsm  sp. 

— 

-V*pA cys  bucer* 

.2 

Pagurua  lonqicarpua 

10 

; 

'fpntvs  pi cca 

3 

•>3 

Pagurua  sp. 

— 

8 

>iupnr»  er«Bic*  oculata 

-- 

Striyiii*  mirabili*  ijuv.; 

— 

2 

Par  40m  j  fuiyena 

iO 

159 

Anoaura  sp .  ' Juv. ) 

— 

rAcc:mri4  youid.ll 

— 

BRAC HYDRA 

rhyilodoca  arena* 

— 

Dxaaodactyiua  amihtaa 

— 

PlSC*  pa*  MCA 

— 

Pvalipma  ocmUstua 

— 

.'oiyuora  .iy/u 

— 

Pinniaa  chscmi 

— 

Procodorv;  ..m  sp. 

— 

Ptnruaa  chaa to ptar ana 

— 

iCOi«.fOJS  S?U4MCJ 

Pinnisd  criazata 

9 

*» 

Scoie.ap  s  c*»aoj 

Pinnixs  aacuiitus 

— 

5pio  p*  c  t ; Oonaae 

:  u 

Pinmxt  sp. 

— 

ipiopftiMs  booby* 

:  i 

» 

Pinnothcndae  sp.  i;uv.i 

— 

11 

Sy  Hides  stecos* 

Por tunidae  (juv.) 

— 

PorcuftuM  -jib bat i  j 

b 

_ 

GASTROPODA 

^mdentif led  xantiud 

1 

Ac  teomdae  »p.  >juv.j 

~ 

ASTER0IDEA 

jilv«*ia  mu tics 

-- 

Astropacten  arciculacus 

ECU 1N0 IDEA 

1 

Poiinices  iup*icjtus 

- 

*al»ita  quinquimaporforats 

9 

3IVALV1A 

l*o na*  teraaianua 

1 

— 

Branch! os  coo*  f lor i da« 

Ervilis  :oncMti  .cj 

Capton  ip. 

Pi  tar  iimpsoni 

10 

i 

PISCES 

-1 

Unidentified  oprudlid 

1 

atriyii.a  airaoxiis 
reilind  ■■ersicoioe 

1 

„ 

Total  Nusber  af  Individuals  1 

.'15 

989 

nid.  verier  id  nr.  louidia) 

-- 

local  Muaber  af  Species 

-9 

0CV' 


:V»  , 


-  **  > 


Q> 
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GASTROPODA 


Table  C-14.  Comparison  of  the  species  and  number  of  individuals 

collected  at  the  nine  transects  of  station  CB  between 
May  1975  and  May  1980. 
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APPENDIX  D 


STUDY  DESIGN  RESTRICTIONS 

The  primary  purpose  of  this  study  was  to  collect  data  on  the  benthic 
macroinf.auna  and  the  surface  sediments  to  evaluate  the  long-term  effects  of 
beach  nourishment  and  associated  dredging  activities.  Inherent  in  any 
environmental  study  are  limitations  on  the  quantity  and  types  of  data  that 
can  be  collected.  A  good  study  plan  requires  phat  the  data  collected 
enable  the  investigators  to  differentiate  between  manmade  and  natural  per¬ 
turbations.  If  no  effects  can  be  detected,  then  by  definition  there  has 
been  no  environmental  harm.  This  emphasizes  the  need  to  conduct  scientifi-- 
cally  valid  studies  utilizing  best  applicable  methodologies.  Potential 
limiting  factors  encountered  in  this  study  are  discussed  below. 

Sampling  Design  Adequacy. 

The  accuracy  of  the  data  collected  for  the  present  study  and  the 
validity  of  the  interpretations  and  comparisons  made  to  the  base-line  study 
(Saloman,  1976)  are  dependent  on  the  adequacy  of  the  sampling  design.  Some 
of  the  key  factors  in  establishing  sampling  and  analysis  adequacy  are: 

(a)  Reliability  and  accuracy  of  sampling  device  (consistent  sub¬ 
strate  penetration,  no  loss  of  sample  during  retrieval,  etc.). 
Characteristics  for  a  good  sampling  device  are  described  by  Menzies 
and  Rowe  (1968)  and  Holme  and  McIntyre  (1971) . 

(b)  Adequate  sieve  size  to  retain  a  majority  of  the  macrofauna 
(Reish,  1959). 

(c)  Good  and  consistent  procedures  to  ensure  proper  preservation 
of  fauna. 

(d)  Adequate  number  of  stations  to  determine  spatial  varability 
of  fauna. 

(e)  Sufficient  replication  to  adequately  describe  both  the  within- 
station  faunal  variation,  and  the  majority  of  the  species  inhabiting 
the  site. 

(f)  Sufficient  temporal  frequency  of  sampling  :o  address  seasonal 
variations  in  fauna. 

(g)  The  use  of  identical  or  comparable  methodologies  for  both 
prenourishment  and  postnourishment  studies. 

(h)  Sound  taxonomic  procedures  and  use  of  expert  confirmations  to 
ensure  accurate  identification  of  organisms. 

(i)  Consistent  data  analysis  procedures. 
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The  present  study  addressed  the  above  criteria  as  follows  to  ensure . 
the  collection  of  an  adequate,  quantitative  data  base: 

(a)  A  diver-operated  core  was  utilized  to  ensure  consistent  pene¬ 
tration  and  the  collection  of  samples  satisfying  the  criteria  defined  by 
Menzies  and  Rowe  (1968) .  The  core  is  generally  considered  a  better  device 
than  conventional  grabs  (Word,  Kauwling,  and  Mearns,  1976;  Swartz,  1978). 

(b)  A  0.701-millimeter  mesh  sieve  was  utilized  to  wash  the  samples. 
This  sieve  size  was  considered  by  Saloman  (personal  communication, 

1979)  to  be  adequate  for  collecting  a  majority  of  the  macrofauna  within 
the  study  area.  Other  studies  have  shown  that  a  0.5-millimeter  mesh  sieve 
is  often  necessary  for  quantitative  benthic  collections  (Reish,  1959; 
Mahadevan  and  Patton,  1979).  A  quantitative  comparison  of  the  two  sieve 
sizes  for  the  study  area  would  be  necessary  to  compare  the  results  with 
other  studies  that  used  the  smaller  mesh  size. 

(c)  Fixing  and  preserving  methods  were  consistent  and  followed 
acceptable  procedures  in  the  literature. 

(d)  A  total  of  49  stations  were  sampled  during  the  present  study, 

47  of  which  were  sampled  for  the  1974-75  prenourishment  study.  These 
stations  encompass  the  nearshore  zone,  from  the  swash  area  to  just  beyond 
the  second  sandbar.  In  view  of  the  low  variability  In  numbers  and  species 
of  animals  at  corresponding  stations  for  the  9  transects,  the  47 
stations  are  believed  to  adequately  sample  the  nearshore  zone.  However, 
the  study  did  not  totally  address  the  area  most  likely  to  receive  fine 
sediments  resuspended  by  dredging  activities,  i.e.,  the  area  beyond  the 
second  sandbar  at  depths  of  9  to  10  meters.  Stations  CA  and  CB  were  the 
only  control  areas  at  these  depths.  Optimal  sampling  strategy  would  have 
required  control  stations  placed  in  close  proximity  to  the  borrow  sites. 
Unfortunately,  the  borrow  sites  were  not  selected  prior  to  Saloman's 
(1976)  study. 

(e)  Four  replicates  were  analyzed  from  each  station.  Species 
saturation  curves  (Gleason,  1922;  Holme,  1953)  were  constructed  for  5 
stations  for  12  replicates  by  Saloman  (1976).  Based  on  those  curves  it 
was  determined  that  four  cores  adquately  sampled  the  fauna  of  the  study 
area.  Species  area  curves  were  constructed  for  the  present  study  for 
transect  5,  stations  1-5,  stations  CA  and  CB,  and  borrow  sites  B1  and  B2. 
These  curves  are  presented  in  Figures  D1  to  D5.  Each  curve  is  the  average 
of  two  randomly  chosen  combinations  of  replicate  order.  Only  one- third 
(6)  of  the  plots  indicate  adequate  replication  (criterion:  increase  be¬ 
tween  replicates  3  and  4  less  than  or  equal  to  10  percent) .  An  additional 
replicate  sample  at  each  station  would  probably  have  resolved  this  problem. 
The  four  replicates  analyzed  give  a  total  surface  sampling  area  of  0.064 
square  meters.  For  most  benthic  studies,  0.1  square  meter  is  considered  a 
sufficient  sample  size  (Holme  and  McIntyre,  1971).  However,  based  on 
Saloman's  (1976)  species  saturation  curves  and  those  generated  for  this 
study,  these  data  have  been  determined  to  be  adequate  for  comparative 
purpo ses. 
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(f)  To  determine  variations  due  to  seasonal  influences,  samples 
were  collected  for  two  seasons,  November-December  1979  and  May  1980. 
Significant  differences  were  found  in  all  of  the  faunal  parameters  as  well 
as  species  composition  between  sampling  periods.  Saloman  (.1976)  also 
revealed  pronounced  seasonal  fluctuations.  Physical  parameters  such  as 
temperature  and  wave  intensity  show  pronounced  seasonal  variation  within 
the  study  area  and  undoubtedly  influence  infaunal  community  characteristics 
within  the  nearshore  zone.  The  two  sampling  periods  of  this  study  do  not 
adequately  address  temporal  variations.  However,  in  conjunction  with 
Saloman's  (1976)  data  (four  seasonal  samplings)  the  importance  of  seasonal 
variation  was  assessed. 

(g)  To  make  valid  comparisons  of  studies  conducted  at  different 
times  or  places,  the  methods  used  should  be  identical,  where  practical,  or 
yield  analogous  results.  All  the  sampling  and  processing  methods  used  for 
this  study  were  identical  to  those  used  by  Saloman  with  the  following 
exceptions: 

(1)  A  5.08-centimeter  PVC  core  was  used  to  obtain  sediment 
samples  instead  of  8-ounce  (227  grams)  jars. 

(2)  Percent  organic  carbon  and  percent  carbonate  present 
in  the  sediment  samples  were  determined  by  combustion  (500* 

Celsius  for  organic  carbon  and  1,000*  Celsius  for  carbonate). 

Saloman  (1976)  used  a  Leco  750-100  90-second  carbon  analyzer. 

These  methods  have  been  shown  to  yield  comparable  results 
(Carver,  1971). 

(h)  Taxonomic  procedures  followed  standard  literature  keys  and 
expert  confirmations.  Additionally,  a  reference  collection  of  species 
collected  during  the  1974-75  study  was  provided  for  comparative  purposes. 

(i)  Sediment  samples  have  been  analyzed  by  standard  geological 
methods,  tabulated  and  summarized  for  each  station.  Analytical  methods 
and  numerical  indices  were  chosen  on  the  basis  of  their  widespread  use  in 
scientific  literature  and  their  ability  to  provide  data  summaries. 
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Cumulative  No.  of  Species  Cumulative  No.  of  Species 


)N  5-1  40  f-  STATION  5-2 


Borrow  site 


IB  for  the  November-Dee ember  1979  sampling. 


DATt 

FUME 


